a ae 
ts 


BOSTON UNIVERSITY 
GRADUATE SCHOOL 
Thesis 
COMPARATIVE ANATOMY OF THE LUNGS 
by 
Margaret Mary O'Brien 
(A.B., Boston University, 1925) 
submitted in partial fulfilment of the 
requirements for the degree of 
Master of Arts 
1941 


eae he eee 


£35 | as = ae aoe 
x ihe Mie reteag gen 
, ‘ rs dere 455" wg ile 
ry 


j vite fF. - 
‘ 


ig bia A Eee a, 


< eee 
Penaee a yaa eed ie 


eu 


* 


Caan a aed! fe 


SID #( 
oP 


Approved 


by 


Pirst CC pape oe ee 
Professor of t2.< See 


Second asec MP Xx, Nido... Se als tah oritinee 


Professor of 


‘ Pa Bsr 55; oe Cr BS eee seein ina << a : | * 


a a ; ie 0 qorre tor’ 


on Ls i at] 


0 > . afl 
‘ 


- 7 


OAS AG podbaia Pe MID 


~~ yd to. ReeeN Ss 


* 


f 


OUTLINE 


List of illustrations 

Introduction 
B@Gd TOP Gry Gen eGo eG eae s oo le et HERE EVE EEE STS EEE ee 
How needs are met oo sie ee wt es Ci heb CEEEAS EN ON 
Development of the respiratory system in vertebrates 
BAT = DUMOSE Oy 590s 4419 Ws HE ree ned OH ore ON SOHO O4 40% 


General SETUCTHPO OS. is ie ccecrr eoeoeveeeeseoee@eeevs#ssc8eeeee27es @ 


Speelali zee atr=D4k ddera yes. hes i ee ook LG 
GAViG Gee eae cla hee ue rcteerierela ek % % SOL 6S S%% 644 Ww oH e 


LOPLGSSCCUSS oC Soe a ak HRS TN SOW eH OES SE Re De 


ae Ce ie eh he ee ee ee ee 


eel fe a ee ee a ee 


POLVemrUn as sc s's c= sees ae k% & e's We ee & thee wh OOS 


Lungs in vertebrates 


DADHOT & a chotetaralare eae tr aha awe e ies te ee © & Seles lh kM eee wis 4 


GEERT OUR aa ss 27's bles W's 'e Siesta Wie W' %e'e eS Yai selene bte'ole 
PEPSI OO SL POH CO. 61s ites a's Selec oe e's oho % Wee wee 0% 
Pe CBD 6 STUB. "57% sila alas lemaletels Se "se ln oie Mewes lates 
ehh Se ae, oe ee 


Pe eee ee ek kh ie hk ek ee 


Past GMd’ Present: STATUS s\6' 0 e's ee wie et 'c o's wie se iererere leis 
TY pe FOL” PSS PP TVOet LOM. © ie bie 4s ea ia lora erate tate erate He's tae tes 
Pe A ne ee ee a 
Covering of the ee ee 
Degeneration of the LUFEZS - ccc cece cece eee ee views 
FPACHEAL: LUNGS. occ sice's 6s Dower wee Seve sioceesene 
Hydrostatic function of the lungs and the 
ypsiloid BPPAT AOU Boo 'o'e we ol e'e tc e'e ec 'etere we alereretetee wee sees 
Cutaneous Tespsrats one ccccccwewiewecios cowwciceccess 
Bucco-pharyngeal POSPIT ACTON. osc cccrevevesvecvece 
Mechanics of respiration. .cccscccccccccvccesccecye 
eile We Yo: a a a ie ieee oe 
Respiration in typical Amphibia... .....eeeeeeeceve 
Apoda (Gymnophiona or Caecilia)...-seeess reece 
erste) (Cartel Gel is. POPP AG Meta ereretetereserare st oe tetetaneiene 
TARA OPE GAG oes 1a! 0: char er ohare ae le eh ebeietote re ronetanersiene 
Diemyctylus viridescens..cecsscccccessoe 
PICO LARS o>. 01 chet state a'w'eh ere weteteGeletereyve! ae! efenerererererere 
Necturus maculatus.....-.-.- aPave sheecwretatererehe 
area +(e) TiS re) heer are erota ot ot crestor eres overare’ orecerevatecoveienee 


AGOGO o* oka %e tae! ald owiehe! a elac ete" Hh otal Patateteowiate: ors erereretece 


a) 
iy) 
ee) 
co) 


OWOOMINIONNDDHY 


—————— 


~ Digitized by the Internet Archive 
—in.2016 with funding from 
Boston Library Consortium:Member Libraries 


https://archive.org/details/comparativeanatoO0obri 


Ne Me idly at ee al ul aio. o ore Bk Tia oie ooh ed ealale adie dieing 
POVAMES, FM) TUNE CCYUCTUPE ss. cccccccecccuacdvcesccs 
PMCS (OC MNEs Ze bates 0 cs dba ed Rho hoe Kk wl cic aoe 

Mechanics of respiration.......-.e.- 

| Respiration in Rhynchocephalia....... 

Respiration in Te a aa 
General Tame Structures... ccenccssasnesscesees 
Testudo orbicularis...... 
CMO LYGFE SOrPEMtitas ss .ccccccncavescseadsevaces 
Mechanics of reapiratl on... ccccceceecwcesesceen 

ROSprPGtien tm CHeSodi sd ssVis. ww cvsccccccacvveses 

Respiration in IGT ot PPR ae ar eee aa eae 
DACSECI Dias 3h Co'a0 BOR Pee eed . woe reise. wee 

Lung structure.... 
California Limbless Lizard (Anniella pulchra) 
Amphisbaena brazillana..ceccccsvccarsdccvesece 
Heloderma suspéectum.. 
UROMOIB ONG 4-56 cccssss Kaas 
Ophtdiawergti.dc.. 
Lung structure.... 
PYGHOR VOAVEOIIIG . ccc wiccccecccesass 
Pelagic serpents.cccrcrccccccsccecs 
Prachead lungs. isee. Sse .. 

BW Gitar cuehat crime Sun! bc oka tova.o! 6.5. k.- Aime 'asa Ms atiehe law has are CRI6  Sial& Clare) Wid, Siete weg 
EUME? SUPUCTRTOS. 6 57S Oi 5 VER cc eee ce eee 
Air-tubes...... 
MOPeahess 2 3NUG.00 oC ek 

PEPUCTURC. «cb cceseass 
Function. 
BKEONSIONS s < cectscsaccccees 

DieShra CRel ss TSS s VIS VSS Se wSOR SEs OR UEH Kc ace own 

Mechanics of respiration.......cceses 

Mammalia . 
Shape, location, and membranes of lungs....... 
Development of lungs... -ccccccccccvesevacs 
Division into lobes...... 

Examples and illustrations of lobulation....... 
Bronchial tree.. 
Structuresiw vse. Visisws 
TYPES, Of VFANERING. «rcesccccocecicves 


>@@ee72s8? 


se@eeoeoe@#rseeee 


@ee@#eM®oaorvert% ©eeees 


e@eseeevpe@ee#steoeoeesveereeeee 


eoeeesvpee Poe eeeeeoneses eet PF ene e 


eepepeeeoee ere eee te ee eoee8 8 
eeeeveveen eee ere eee oe ser 
e@oretooerveseoeveee eee eee 
eo@eeeoeeeoee ee eee erseeeeerse eee ene 


e@seeoener?e8 ees 


eeee?sgeeeesenensese ef 88 © ¢ @ 


e@eeeoene 82 @08¢ @ 


eoeeeed @eese@eoeeeeereeeosseeeowveoeeseoeee © OF @ 


eoetweoseoee eee eveeeeeeeevoeevnet*? eee eee 


“@eeoeneteoeseterteseeOeeseseeveeesevreeeoesvere @ 


eeoaeovoeeeeese3seeteeeeteee @ 
ee 
eeoee Peeve Geese 
ereeeretoeoeeeoeeeveee eeeeaee*seoaevee ee ee eonee ee Ge ewe G&G 
eeoeeeeeee 


eoepeetoeveeeve*7 eoeoeeenrmoeoeeeee es eee 8 


eeeoerpeevoe ee esesesevee eer eevee eeeeevseer ees ese 


©eeeoeeeo7eeerteeeerteeenteoeeeeoee se @ 


@oeenrete eae? 


Epithelium of alveolar wall......... 


eooee eoesteea eevee 8 @ 


Man oe@eete? 
Swan rps s'est se 
Bibliography. eeeeveevmeaeees 0282020808 4 


Respiration in typical mammals... 


*@seecevoeoeeeveveeeve 


eeeeee#e#e¢e8e 


ee 2 are 6. a1? @ 


eeseeeeo? 8 


Opossum. @eetrteoeevoee*eeeesereaeteterneeeteeoeeereeoeeteeeeeeeeeee # e 
Sirenia. eeeeoeeeomoeeteoeee? ee eeweeeereestseeeeeeteetseoeeveee eee % @ e 
Cetacea. a 6)1@ @ € O86 G18 6:6 C'S e 66 02 He C6 € 86 OC Ge © 8 4 ee 8 Gere 6 6 


*@eteeseeepeeeneeervee GC eeeveeeneereseeseeeeeeeeaee @ 


on BD 


maf Lae 7 
i) 
’ 


ie 
my: - , @ 


weal) 


al 7 
, : ‘ Te io Se aware 
aT , 7 ‘+, 
cs apiere dels abe Chee sale we me 
Cov ee error nsverdenee see 


¥ 


ES abawa wae en 


beeen eee erent en ewr en ee sens A 2 OM i toa T780 : : Zz. 
or) wy t oe ga > . 

he CeCe ea OEE Chote eee wold PI LGEOT £0 Eke ; , 
pest esemedeserteevr seed. ae eer eS Yes Oh | : ee 

. mee ha wy és as 2 ae 8 f 
ree er ue ere een ee eee eer ee ee 8 ORAS *, Lae st) 3 a | 
OF Oe Oe Fe 8) OO 8 CaS 6 ee ee ; 
ee ee ae nee 
eee ee ee ee ee oe a ry 
ee ee ee ee ee re 


eo*+ tee tose eonseeoeae vee aae te ee! 


2? eee reer eee ere deere ese e es wm ct i} 

( 8 ween nee ee ere e eee e teres er tree nesens : i 

¥ | es ee ord | 
| 


So (audolug alfetanh) brastd seefdn 
lel DS edly oftiddicnh chads bacdeta eee “Ec 


Lge -\ avdageae sd va): oie eee 


eee ee eee ee i ire an} 18) 


Od 
Om 


) 1 ¥6 wes RPO MEMEO 
ae ‘ \ 86 ee ee ee rae ee era eb scree 7 1 Brinh 

+ , eo «|WIN ie egy ole\etalarele sla aw 6 cal sale eG Seb) aaa t 
| " oF Rane teas en aeeegneererr ees es BANOTIO" 2 ‘ ; 
ie ' $v vb Gaia d a ane ebb ellis ens ep eww te 6 ORUMREL fee 


BS, oY (ny Wd 09 Ks oh fend geing ee $05 5.d ewe bh eso ee Maes mwi eens MONA i 
. ay hades eres eccutee ees Veveegeinscee + 40 SGDARAmN EMAL.) : 
; 7 
io BY COMP HMO Rar eresereseesewenectiarsstaeeve so Gi Po meant | s 
Pps : rere Taser ee ere eee to ree ae . 
a M 1 
ER en SMwae er Oven aweseeweeceassotentbunnea sp even oe 


a” es, Lite Ten sep hark 42/008 oa eae rr | 


7) “Ys Supt eties (7 Dither 2985 Sasa 

; | ee a a err i ar } ' 
A | 8 WERK Peer re re Perr al eee ’ $ 

7 | £2 at bic ie Sh thie te pee oie es Sie oD ges Mi 


few. eee eee epee To Bemandmem bas 
| se + ao Xs dalpsl be Bre dalam a 


i Be svedvesMotdalaodol to edolsautewhit baa laa 
4 DE Peete are reer ew eersreweseeseryasenn nr COMd id a h 
{ $e bGrula: @'¥ Bie dm SWWU Rida ate Nad A ee ee Ores. ‘OUT te | 
I) OG VOOR OR Hee ee reese ween e sa aes eM OMS “s a 
4 3e tea Oe 


' Se wed a ele watny + oe sles s 650 Ln cee | 
oe a's Diie Vga Raden eT ly Chea o> Chama ae i) 
h OOL A Una si esas Was Beads paee twa eangee ane ; 
\ oor cy bce dae Dogs 5 gOS BR ek ene i 
hehe TRI OSE ee OAS Aa Sere Se Se ee Oe ee ee re ae i : 
heat oe 


(Dee a re we We we Pe ee ect cris 


8 STS Se ea Ceres Sarat eae 
- ‘ _ 


‘7 


} v 


gy 


é 
s 


Lad aa 
7g rt € 
Lit ae 


Pig. 


1 23. 
12. 
13. 
| 14. 
15. 
16. 
17. 


18. 


LIST OF ILLUSTRATIONS 


Air-bladders and lungs in fishes 

Lepidosteus platystomus (short-nosed gar-pike) 
Air-bladder of Lepidosteus 

Enlarged portion of air-bladder of Lepidosteus 
Polypterus senegalis 

Air-bladder of Polypterus 

Three living genera of lung-fishes 

Lung of Ceratodus--ventral view 

Interior of lung of Ceratodus 

Lung of Protopterus annectans--ventral view 
Lung of Protopterus annectans--dorsal view 
Structure of an alveolus in Protopterus 

Scheme of respiratory movements of frog 
Gymnophiona 

Diemyctylus (Triturus) viridescens 

Layers in wall of lung of Diemyctylus viridescens 
Vertical section of wall of lung of Diemyctylus 
viridescens 


Necturus maculatus 


7 k he 7 ; ‘ ad ; 
A hte yi “i as Bh ae raya 2 ha 


en 


> @ 
a ae a 
¥ ,. : 
® ihre 
—eeeee - 
—— $$ SS SS ee - -— — - ~ 
Pa = ny : 
- . Se . 
i ® —— © 
¢ ¥ 
- == 
¥ 


=< os 2 i 
ra, ee BA ; 
ne i 


i i aft 
enormenst on, oT a i 


- ‘+ a ee 
aoce kt rt egret bre | exebhatd 

(aatq-tay beeon-Jorle )” vomcserdate on. 
eusteobtaod. te tebbAL 4th 


ve 


: 

auetzebiqel to tebhald-tta to ‘noldtog Bestest 2 
etfengree ewscaeiot a 

arretaylod ‘to Tebbaloats -3 

zoekt asgertsl to) oTtenep potvee: eomiT — 

wotv [aténey--eubotate® to gout e 

eubodaten 40 amet tomrottegat 8 

wely latinev--aaeseenia auvxedqotort to. ant 08 
welv Leetoh--snadoenns sute¢gotott to aioe “tt 
asietgotot ot astoevis aa Qo eussowts? - Sf 

30TT to edtemovon vrodantqset, to emedoe a 

snoligonm) 
anwnaehi thy (ened tate) meni anel wi 
amore bitchy en lydoymetd to Boul to ifew Reha rat a (+8L i 

esiytoumetd to gaul to {flaw to ete 


ani 


he 


a | 


| 


3 
L 


& 


\e _ 
\ ce cents ; 
. ol 1 @ _ 7 —_ 
i 4 JF 1 ae ; , 
q : ry ) te i aly 4 
i 2 p Fed poy ‘ ai et Pp f 4 
werk rE i wn 
. , y 
is f 
a y g 
y “wet » pes - 
a 


"I 


q. 
ai; 
ps 
= 
{ 

| 


hs 
i) 


‘t 


| 21. 


22. 


| 38. 
| 39. 
40. 
41. 
42. 
43. 
44. 
45. 


| 26. 


47. 
| 48. 


Sl. 


Lungs of Necturus 
Blood vessels in lung of Necturus 
Proteus anguineus 


Iung of Proteus 


25 to 57. Histology of lung of Necturus maculatus 


Evolution of lung structure 
Muscle tissue in lung of frog 
Sphenodon punctatwum 

Lungs of Sphenodon 

Formation of lungs in turtle 
Choana in crocodile 

Lungs of Sceloporus 


Section through lung of a Lacertilian 


Digestive and respiratory organs in the California 


limbless lizard 
Lungs of Heloderma suspectum 
Lungs of Chameleon 


Lung of Hydrophis schistosa Schlegel 


Internal view of portion of lung of Hydrophis schistosa 


Trachea of Ophiophagus 

Lung of Erythrolamprus aesculapii 

Lung of Erythrolamprus--cut open 

Lungs of Xenopeltis unicolor (Reinhardt) 


Lungs of hen 


2 tia 


eee ae ee 
* a, © tl 

assdaliso ent somutoo# 10, Sans 39.0 Sg és 
erudovade scat gant Yo Aa 
govt 20 anu ak aa , on | bee | : 

| “ef Bhooexa ake vane 2 

, i vidaie Pao to Tbs f 

| aeifttreoed a to gaut dgworsia notte? “bes 
oa afmtotif{es edj oat ansato Yiodertqeot baa ovis ahi i" 
az | buat esoldutt a 
ae mitosqeme amrebofol 19 baw ah 
‘ | noe Lema) Yo ot aoe 
We fexefsoe abode tdos aldqorbylt to a 1] 1 a i | 
;  - gpeotaltsiog etdgons YH: io gavl To ao ttxog 20. woty 08 ; 
| ssnadateag 7 


tigalvoses cunnton c ory 


4 
ROC) Sto --aunsquao‘ aT oT 


‘Fig. 
| 56. Lung of goose 
| 57. Dorsal and ventral aspects of lung of hen 
| 58. Section of parabronchus in bird. 
59. Lungs of Apteryx australis--ventral view 
60. Kight lung of Apteryx 
61. Lungs and air-sacs of chick embryo 
| 62. Lungs and air-sacs of birds 
| 63.to 66. Histology of epithelium in lung of chick 
67. Work of external intercostal muscles in birds 
68. Membranes on lungs of rabbit 
69. Membranes on lungs of man 
| 70. Development of lungs 
71. Lungs of cat 
(72. Lungs of Hyaena crocuta 
| 73. Lungs of white rat 
74. Lungs of walrus 
| 75. Lungs of man 
76. Arrangement of bronchi in mammals 
(77. j%Animals adapted to living in water but breathing air 
78. j\Lobule of human lung 
796 Scheme of mammalian lung structure 
80. Terminal bronchiole and air-sacs in human lung 
l a2. Comparison of vertebrate lungs 
a a — ’ okie ape a 


——— 


ea ae 


et ae ee ee 


= 


a a 


Ta) Es Pe ee ry 5 
| 4 pra <p i . Pu 


; : ae . 7 ; 
we iv fnndnev--atlertase x to euanl . 
a su Ue rs 5 7 “s . 
2 ’ odd * 8 onus st: i 


wotde to anu at porated 


ol tae oui +88 

eqrutt’ 20 tnemgoSeved .0T 

aiwoote aaeayi Yo aget 

vert ovkdw 20 smut 

eutiaw To ayeunt 

algmeam ot tdonot! to sreneanerth 

tis ankdtseid dud «etaw mt galvil ot botgaba efemtas 
Beh smi to eludod 

onsdoarde arut aetTonmam 26 oasitaes | 


gout named at ak | ~ a een) ¢ 


FOREWORD 


In the preparation of this thesis on The Comparative 
“Anatomy of the Lungs it was found that some knowledge of the 


|jnatural history of the animals discussed was helpful in under- 


standing the lung structure and adaptations for respiration. 


} 
For this reason, a very limited amount of natural history is 
included. 


The system of giving credit for the references is as 


follows: if all the ideas in a paragraph were taken from one 


jarticle, the reference is listed after the close of the para- 


|graph; if credit is given for one sentence, the reference is 


included in the sentence; if only one article on the topic was 


| 


‘available, as was often the case, credit is given in a footnote. 
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INTRODUCTION 


Need for oxygen 


All forms of animal life require some means of securing 


oxygen and removing carbon dioxide. This process is called 


respiration and includes an external aspect or breathing, con- 


cerned with the gaseous exchange of oxygen and carbon dioxide 


|between the blood and the water or air; and an internal aspect 


concerned with the transfer of these gases between the blood 
and the cells of the body. The latter is the effective part of 
respiration that results in the oxidation of organic material, 


releasing heat and energy. 


The respiratory organs perform these functions and to do 


so efficiently they must have the following essentials. (1) A 


containing medium, water or air. This area must be extensive 


‘enough and sufficiently permeable to insure adequate osmosis of 


gases for the organism concerned. (2) The tissue must be kept 


moist in order to allow for thinness and permeability without 


drying on exposure to the air. (3) There must be an adequate 
mechanism for frequently changing the water or air that is in 
contact with the respiratory surfaces, as neither the oxygen nor 


the carbon dioxide of metabolism can be stored within the body. 


St — - . — — — —— ~ = — 


great area of thin richly vascular tissue exposed to the oxygen- | 
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How needs are met 


These conditions are met in a variety of ways by different 
janimals. In simple forms there is no specialized respiratory 


‘apparatus, simply a diffusion of oxygen through the skin into 


the circulatory fluid and of carbon dioxide outward, In insects 
there is a system of thin-walled tubes, tracheae, that begin 
exteriorly in openings called spiracles and internally branch 
abundantly, carrying oxygen through the body to the cells. 


Such methods as these are sufficient only for relatively 


smal 1 and simple'animal forms. In vertebrates, where the bodies 
ne ecmperatively large and the covering rather impervious a 
‘specialized apparatus for respiration developed. Most commonly 
‘the respiratory organs take the form of local outgrowths called 
‘(gills or branchiae, adapted for aquatic respiration, or local 
ingrowths of bags of folded membrane called lungs, fitted for 
breathing air. A less common condition is the use of the ante- 


rior or posterior ends of the alimentary canal for respiration, 


‘and the use of the air-sac or swim-bladder in certain fishes as 


‘an accessory organ of respiration. 
Development of the respiratory system in vertebrates 


Adams (1933) traces the development of the respiratory 


‘system as it became specialized to meet the needs of the more 


complex vertebrate structure. The mouth and throat region could 
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do the respiratory work with the least modification since they 

are located at the beginning of the digestive tube in close | 
contact with the water. Originally, perhaps the entire digestive 
tube shared in the respiratory function as suggested by the | 


rectal breathing of certain modern fishes. The gills with their. 


|/fttaments or lamellae give the greatest exposure to the water, 


and the gill pouches and slits further increase the efficiency 


by permitting a steady stream of water to pass through them. 


‘The water passes in through the mouth to the pharynx, over the 
| gills and out under the operculum which protects the gills, 
Capillaries in the gills bring the blood near the water so that 1 
exchange of gases is made easy. 


The branchial system is found in all fishes and in some 
| 


amphibians. Any animal entirely dependent on gills dies when 
changes in the water destroy the supply of oxygen. Therefore 
another method developed in fish that live under adverse condi- 


tions during part of the year. This began with modifications in 


the air-sac or swim-bladder, a structure present in fishes above | 


‘the sharks. One of the many functions attributed to it is that 


of an accessory organ of respiration, and in this capacity it is 


used today by lung-fishes and a few others. 


i In all land and water tetrapods the lung is present with 
the exception of the lungless salamanders, in which the lung has 
been lost. These amphibians, living in swift mountain streams, 


carry on their respiration by capillaries in the walls of the 
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| 
pharynx and anus, and through the skin. Very few tetrapods have 


lost the lungs. | 
Both gills and lungs may develop in the same individual but 
are usually not functional at the same time. | 
With the development of lung-breathing, the gill slits | 
tended to close, sometimes remaining open in amphibians, but 


‘always closed in higher animals which develop special breathing 


passages through the throat and nose. 
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AIR-BLADDERS 


General structure 


The air-bladder is found in all fishes except the sharks 
and a few bottom living forms (Norman, 1931). It performs a 
variety of functions but only its relation to air-breathing is 


to be considered here. 


Although the exact point of origin varies, the air-bladder 
is derived in most cases from the dorsal wall of the anterior en 
of the digestive tube and shows the same three layers histologic 
ally (Walter, 1928). It is located on the dorsal side of the 
body cavity above the peritoneum, so the latter covers it on the 
ventral side only. It is between the vertebral column, aorta, 
and kidneys on the dorsal side, and the alimentary canal on the 
ventral side. The length varies and often it extends from one 
end of the body cavity to the other (Kingsley, 1921). The walls 


are composed of connective, elastic, and muscular tissue. 


Internally, the surface may be smooth or spongy. 


As the air-bladder increases in size, it remains connected 


to the gullet by only a narrow tube known as the pneumatic duct 


and corresponding to the trachea in higher animals (Norman, 1931), 


} 


Fishes are classed as physostomi if the pneumatic duct remains 


open throughout life, and physoclisti if it closes or disappears 


giving the bladder the form of a closed sac. Dipnoi belong to 


the former group (Walter, 1928). 
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Some fishes with a pneumatic duct can fill the bladder by 


swallowing air, and these come to the surface to gulp the air. | 
As a rule, however, the gas which entered the blood in the gills. 
is secreted from the blood in the anterior part of the swim- 
bladder in the physostomous fishes and in the anterior chamber 
in physoclistous fishes. 


Goodrich (1930) makes the following distinction regarding 


the secreting area. "The more primitive structure found in 


physostomous fishes, in which the gland is covered with a simple 


flat epithelium has, together with its rete mirabile, been named 
the red body, while the higher type found in physoclistous fishes 
in which the gland is covered with thick glandular epithelium | 


thrown into folds or sunk in crypts is named the red gland." 


The "red gland" or "red body" produces free oxygen (02) by 


the breaking down of red corpuscles (Walter, 1928). This oxygen | 


} 
constitutes a large part of the gas that distends the swim- 


bladder. ‘tn river fishes it is said (Jordan, 1905) to be mostly | 
| 


| 


nitrogen; in marine fishes mostly oxygen; in deep sea fishes 


oxygen greatly in excess. 


The oxygen above what the fish requires escapes through 


| 


‘the pneumatic duct in all physostomous fishes. In physoclistous 


‘fishes, the posterior chamber of thé swim-bladder is lined with | 


la Capillary network, the rete mirabile, through which the excess 


gas is absorbed directly into the blood for removal by the gills. 


(Walter, 1928). 
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alveoli, lined with blood vessels, and the pneumatic duct well 


Amia and Lepidosteus and the completely divided air-bladder of | 
Polypterus there are many degrees of bifurcation in the series 


of fishes. 


H 
| 


Specialized Air-bladders 


A limited number of primitive fishes use the air-sac for 


respiration. They include the Crossopterygii, whose only living 


representative is Polypterus; Dipnol represented by Ceratodus, 


Lepidosiren, and Protopterus; Ganoidia represented by Amia and 


Lepidosteus. 


In all these the air-sacs are to some extent divided into 


developed, freely admitting air. In most fishes the duct opens 


into the esophagus from the dorsal side but in primitive forms, 
except Ganoids, it enters from the ventral side like the windpipe. 


of the higher vertebrates. The common types of air-bladders are | 


illustrated in Fig. 1. Between the undivided air-bladders of 


Ganoidia 


Lepidosteus or American Garpike (Fig. 2). The air-bladder 


is single and extends the entire length of the body cavity. The 


anterior end connects dorsally by a glottis with a vestibule 


that leads to the mouth (Fig. 3). Internally the lung is divided 


in halves by a fibrous band located along the median inner sur- 

face of the dorsal wall, from which extends ventrally a series of 
| 

| 


transverse fibro-muscular ridges that form the boundaries of a 
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double row of alveoli or recesses (Fig. 4). The bottom of each 
alveolus is further subdivided thus increasing the respiratory 


surface. (Cam. Nat. Hist. Vol. 7). 


| The air-bladder is probably a means of securing additional 
oxygen while the gills accomplish most of the elimination of 
aaeten dioxide. Analysis of gases in the air-bladder shows that 
carbon dioxide rarely exceeds two per cent. 

Amia (American bow-fin or mudfish.* The air-bladder is very 
jlarge and extends the entire length of the body cavity. Itisa 
median sac and is unpaired except that a short median cleft 

| divides it in front into two short caeca, between which is the 


| 
|| 


‘large duct communicating dorsally with the esophagus. 
On each side there is a sheet of striated muscle consisting | 


of two layers crossing each other like the internal and external I 
j 
oblique muscles of the abdomen of mammals. This muscle sheath | 


serves to compress the air-bladder. No arrangement for its ex- 


pansion has been detected and the experiments indicate that air 


is forced backward from the mouth into the air-duct by movements 


Pt the jaw, hyoid apparatus, and sides of the mouth. 


| The cavity of the air-bladder is so much divided that it can 


be compared with the lungs of reptiles, since it is more lung- 


like than lungs of salamanders and frogs. Its cellular network 
ts well vascularized. 


Experiments by Wilder show that Amia occasionally exhales 


bubbles of air and strongly indicate that each exhalation is 
*From Wilder (1876) 
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than the horned pout or mud minnow. 


muddy bottom. If the water is foul it rises to the surface to 


It is only in the anterior half where it is balanced by the 


the right lung dorsal to the esophagus. (3) The ventral glottis 


followed by inhalation. These acts of aerial respiration are | 
|| 
more frequent when the water is foul. Amia will live longer out. 


of water than any other fish of American waters, longer even 


Crossopterygili 


Polypterus (Fig. 5), the only living representative of the 


Crossopterygii, lives in sluggish waters and remains near the 


gulp air, a part of which escapes through the gill openings. 

Kerr (1910) brings out the following points about 
Polypterus. (1) The lung shows asymmetrical arrangement (Fig.6). 
The posterior half of the longer right lung is median in position. 


| 


shorter left lung that it bends toward the right. (2) Correlated 


with the increased size of the right lung, the left vagus nerve 


takes part in its innervation, the main branch passing across to. 


is not symmetrical in the adult in relation to the two lungs. 


It has undergone a shifting toward the right side and is in line 


with the larger right lung. 

| Point one (above) is a forerunner of the condition found in 
‘ema where the dorsal lung communicates with a ventral glottis 
around the right side of the alimentary canal. Point two 


| 
explains the peculiar crossing of the nerves in the lung of the 
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_lung-fishes where the pulmonary branch of the left vagus nerve ~ 
\exsteaka on to the actually right lung by a path which is dorsal | 
to the esophagus (Kerr, 1910). 

Near the anterior end the two lobes fuse into a single 
chamber beyond which they project in the form of two short caeca. 


Internally there is no division into alveoli. 
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Australian lung-fish (Ceratodus) 


S ogi Characin 


|= 
aw a7 2. Bichir (Polypteruws) 


—<—_—— 


ee, 
—— 
W aN 


eS African lung-fish (Protopterus) 
ale Se S. American lung-fish (Lepidosiren) 


* — ZS SERS . 
ba) 3 8S Reptiles, birds, mammals 
els Snape. “WP 


Cross Section Side View 


Fig. 1.—Diagrams showing relation of air-bladder or lung 
to gullet in different fishes. (From Norman.) 
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(From Cam. Nat. Hist.) 
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| | > 
| Fig. 3.~Portion of air- 
bladder with ventral wall 
removed, and the glottis of 
Lepidosteus. 
AB, air-bladder 
| GL, glottis 
| S, bulging of hinder wall 
| of vestibule into cavity 
of air-bladder 

V, cleft leading from air- 
| bladder into vestibule 
(From Wiedersheim. ) 


| Fig. 2.—Short-nosed gar-pike (Lepidosteus platystomus). 


Fig. 4.—Portion of air- 
bladder of Lepidosteus, opened 
along mid-ventral line to show 
alveoli. 

AV, alveolus 

FB, medio-dorsal fibro- 

muscular band 


(From Cam. Nat. Hist.) 
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Fig. 5.—Polypterus senegalus. (From Cam. Nat. Hist.) 


GLOoTTIS 


Fig. 6.—Air-bladder of Polypterus. 


(From Wiedershein. ) 


? Say rat on, >) a 
é - } - _ 


SOuUL ATIY 2a RARESTAV 


and Lepidosteus, is more marked in the Dipnoi (Cam. Nat. Hist. 


tion. They possess structural features not found in other | 


PISCES 
Dipnoi (Lung-fishes) 


Life and habits. The transition from air-bladder to true 


lungs which to some extent is indicated in Polypterus, Amia, 


Vol. 7) of which there are only three living genera (Fig. 7). 


Lung-fish are called primitive fish, a term that refers to their. 
| 


form, their internal characteristics, their lack of specializa- 


tion in some respects and remarkable specialization in others 
| 


(Coates, 1937). 


A knowledge of the characteristics and habits of the lung- 


fish helps to explain the reason for structural modifications in 


the respiratory system. Dipnoi possess both gills and lungs, 


and are apparently between fishes and amphibians in classifica- 


— 


that functions definitely as a lung is of interest here. 


erally dry in summer and the fish remain inactive until the 


Lung-fish live in tropical regions where the streams gen- 


rainy season. During the period of aestivation the gills are 


not used for respiration, but instead, the pulmonary arteries 


bring impure blood to the air-bladder which then functions as a 


t ——— =) ee Se 
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| 
fishes but characteristic of amphibians, of which an air-bladder. 
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lung, although both bronchi and trachea are absent. 
When water is available it is often stagnant and impure. 


The fish occasionally come to the surface to change the air in 


the lungs. This enablegthem to exist in water unfit for fish 
that breathe entirely with gills. If the medium in which the 


fish happens to be is definitely unfit for breathing, the gills 


cease to function; if only to a less degree the gills may con- 
tinue to assist in respiration. 

In one of the few recent articles on lung-fishes, Coates 
(1937) says they are being studied at the present time in schools 


of medicine because "during long periods of aestivation they con-— 


sume muscle tissue instead of fat, as in most animals; produce 
melanomas or colored cancerous growths;...permit concentration 


of urea in the blood in quantities 500 times greater than would 


be poisonous for most other vertebrates." 
Ceratodus 


. Ceratodus or Neoceratodus as the modern form is called is 


| 


the Australian lung-fish whose discovery does not date back 
further than 1870 (Gunther, 1871). This single species is res- 


‘tricted to a small area in Queensland, where it is rigorously 


protected by the government, and its capture and export forbid- 
den, so it is not likely to be exhibited or available for study. 


‘This may explain the fact that no recent accounts are available, 


and older records are based on examination often of a single 


} 


specimen, 
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| region, being firmly attached to and along each side of the 


Gunther (1871) gives the most complete account of both the 
habits and structure of Ceratodus. The animal lives in deep 
pools that retain a fair supply of water even in summer. There- 
fore Ceratodus makes no cocoon during the season of drought. 
It is helpless out of the water because its weak limbs which 
serve as paddles are not capable of sustaining the weight of thel| 


body or assisting in movement on land. | 


Lung structure in Ceratodus 


| The lung is a single sac extending from one end of the 


body cavity to the other. It occupies the middle of the dorsal 


aorta. | 


Externally (Fig. 8) the surface shows rounded prominences 


corresponding to the internal chambers. Along the middle of 


both the dorsal and ventral surfaces is a stripe of fibrous 


tissue. Ventrally, the attachment between the lung and the 
“intestine is firmest along this stripe. 

The pneumatic duct is short and opens into the pharynx by | 
ie glottis on the ventral side, a little to the right of the 


median line (Cam. Nat. Hist. Vol. 7). 


| On the inner surface (Fig. 9) the fibrous stripes project 
slightly into the cavity of the lung. Between them extend a 
number of transverse septa forming the boundaries of a series 


of bilaterally symmetrical oval compartments or alveoli which 
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open toward the median line of the lung (Cam. Nat. Hist. Vol. 7) 
There are 28 on the left side and 33 on the right side, the lat-— 
ter extending further forward. The walls of the alveoli are 
still further divided by a network of fine ridges into smaller 
chambers. 

Ceratodus has the best developed branchial system among 
Lage aie and therefore the simplest lung. It can breathe either | 


by gills or lungs alone or by both simultaneously. | 
Lepidosirenidae 


Family Lepidosirenidae includes both Lepidosiren and 
Protopterus. The latter is found in the marshes of central 


Africa. During the dry season it burrows about 18 inches into 


the mud where a cocoon of slime is secreted, and here it remains _ 


inactive, connected with the surface by a small tunnel through 


which it breathes air with its lungs, and remains until the | 
rainy season comes again. 


| Lepidosiren lives in marshes and swamps of South America. 
| 


‘Like the African lung-fish it aestivates in the mud during the 
dry season. It is frequently brought to New York by animal and 
‘fish dealers from the equatorial belt of Brazil. In the hardened 
Lag cocoon that encases it during the dry season it is easily 
dug out of the stream bed and packed for transportation. When 
inead in tepid water, the cocoon dissolves and the fish shortly 


revives. 
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In the New York Aquarium the South American lung-fish, 


under proper conditions will form a cocoon and in this state | 
can be kept indefinitely, available for research workers dgorntact 
1937). The breathing hole is about the diameter of a pencil | 
at the surface, but half an inch below, the tube broadens to 

the thickness of the fish's body or even wider. It runs straight 
down for a few inches, and then ends in a sac-like cavity con- | 
| taining the singly looped body of the fish. From examination | 
(of the burrows, it appears that the lung-fish does not settle | 
down quietly to complete aestivation until all possibility of 
remaining active is prevented by the hardening of the mid, but 
repeatedly comes as near to the surface to breathe as the mud | 
‘permits. Its position in the burrow is always exactly the same, 
head pointed upward, body looped, and the thin tail covering the 
lege to protect them. 

| A thin film absolutely impervious to water is secreted to | 


“prevent evaporation. It covers every bit of the body, ana 


around the mouth turns inward for a short distance so the mouth 


is the only external opening through which moisture might be 


lost. By the time the md is hardened, breathing is reduced to 
one gentle expiration and inhalation about every two hours. 
Aestivation may last a few years or only a season, during which 


time muscle tissue is used for food. No wastes sare eliminated. 


The urea is separated from the water and stored. The water is 


used over and over again. Within twenty-four hours after the 
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lung-fish has come out of aestivation and been placed in water 
the concentration of urea is back to about normal. (Coates, 
1937). 

It was thought by some writers that Ceratodus and 
Lepidosiren were accustomed to go on land or at least on the 
mudflats. Gunther (1871) reports that any he has observed in 
captivity have shown no tendancy to leave the water. He also 


believes that the gills should be efficient for breathing when 


the water is of normal composition and sufficiently pure to 
furnish the necessary amount of oxygen. During this time, the 
gills alone take care of the respiratory function while the 


lungs receive arterial blood and return venous blood like all 


muddy and charged with gases from decomposing organic matter, 


the fish begins to breathe with its lungs. Then the lungs 


receive impure blood and return purified blood to the heart. 


In Pprotopterus and more so in Lepidosiren the gills are 


partially atrophied and this leads Bridges (Cam. Nat. Hist. 


“Vol. 7) to believe that the lungs are the principal organs of 


breathing at all times, in contrast to Gunther (1871) who be- 


‘lieves the gills normally do most of the work of respiration. 


Lung Structure in Protopterus 
| 
| 

third the two lungs are united by connective tissue. The 


The lung (Fig. 10) is double, although in the anterior 


| | 


| 
|| 
| 
| 


| | 
other organs of the body. But when the water becomes thick and 
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posterior parts are separate and extend the whole length of the 
body cavity, gradually tapering toward the cloaca. The unpaired 
part is continued as a vestibule or pneumatic duct which passes | 
lalong the right side of the esophagus and opens into it by a 
ventrally situated glottis which is protected by an epiglottis- 
like fibro-cartilaginous plate. "The central cavity of each 

lung (Fig. 12) communicates with a series of larger or smaller 
alveoli in the lung wall, and each of the latter opens in suc- 
cession into smaller tubular cavities, and then into still 
smaller terminal caecal sacculi." (Cam. Nat. Hist. Vol. 7). 

| The unpaired part of the lung is more highly specialized 
than the paired part where the network covering the inner surface 
paeseees imward only a short distance, leaving a definite atrium. 


In the unpaired part the entire cavity is filled in with the 


} 
‘sponge-like network so the atrium cannot be distinguished. 


| The epithelial lining of the lung is composed of a single 


‘The connective tissue supporting the blood vessels contains 


‘masses of smooth muscle fibers and numerous pigment cells. 


(Parker, W.N., 1892). 

| Concerning the question of the apparent twisting of the 
‘lungs W.N. Parker (1892) says, "The relation of the pulmonary 
‘branches of the vagus (Fig. 11), as well as the pulmonary arteries 
‘seem to indicate that a twisting of these organs (the lungs) 


has taken place in the course of development, as they grow from 


‘layer of rather flat cells in close relation to the blood vessels. 
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their point of origin on the ventral side to the dorsal side of 


the alimentary tract. Close to its exit from the skull each 
vagus nerve gives off a branch which passes backward and medial- 
ly, so that on reaching the dorsal side of the proximal end of 


the lung it crosses its fellow and then runs backward along the 


dorso-lateral surface of the lung of the other side (Fig. 11, 


X pul.). Thus the right lung is supplied by the left vagus 
nerve and vice versa. This would seem to show that a twisting 


had taken place through an arc corresponding to a semi-circle," 


Lung structure in Lepidosiren™ 


Lepidosiren closely resembles Protopterus in its lung 
|structure. Of all the lung-fishes the gills have degenerated 


jmost in Lepidosiren. Therefore, it has well developed lungs and 


\breathes air more frequently. 


i 


| The lungs are paired with the anterior portions united to 


‘trabeculae. The pneumatic duct 1s a short wide membranous tube 


kept open by a laryngeal cartilage. The glottis is guarded by 


jan epiglottis-like structure. At its posterior end, the trachea 
latiates into a membranous sac which communicates by two large 
lateral openings with the lungs. 

The lungs are widest anteriorly and gradually taper, ending 


near the cloaca in a point. They are lodged in a dorsal anglé 


“Prom Owen (1839). 


‘form a median chamber with a spongy character due to the numerous 
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of the body cavity and are attached to all the surrounding parts 
and particularly to the ribs, whose impressions they bear. 
The anterior part of each lung is the most vascular, as its 
deeper color indicates. It is divided into four or five small | 
lobes of which the first is about a half inch long, triangular 
in form, with the apex forming the most anterior part of the 
‘lung. The other lobes decrease in size. About an inch and a 
half from the anterior end, the lungs take the form of simple 


compressed bags and continue thus to their posterior extremities. 
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Neoceratodus fosteri. (From Newman.) 


Protopterus annectans. (From Newman. ) 
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Lepidosiren paradoxa. (From Newman.) 


Fig. 7.~—The three living genera of lung-fishes. 
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Hag x Fig. 9.—Interior of lung of 
Fig. 8.—Ventral view of Ceratodus cut open along smooth 
lung of Ceratodus,. stripe in its median line. 


A, stripe along middle of ventral surface; B, C, slight 
prominence indicating division of lung into two halves; 
D, dorsal fibrous ban&; AV, alveolus; E, E', pulmonary veins; 
F, F', branches of pulmonary artery; G, branches of F. 


(From Gunther.) 
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| Fig. 10.—Protopterus annectans. The lungs and their vessels, 
ventral view. Part of ventral wall of pharynx has been removed. | 
GL, glottis; VB, vestibule; LG, undivided portion of lung; 

R.L., right lung; L.L., left lung; PH, pharynx; OES, oesophagus, 

P.A., pulmonery artery; P.V., pulmonary vein. (From W.N. Parker.) 
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Fig. 11.—Protopterus. Anterior part of lungs, dorsal view, 


| showing relation of dorsal pulmonary arteries and pulmonary 


nerves. Pharynx slit open dorsally. X pul, pulmonary branches 


of Vagus nerves; GL.C, fibro-cartilage in walls of glottis; 


-P.A., pulmonary artery; GL, glottis; PH, pharynx. (From 
W. N«. Parker.) 
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Fig. 12.—Showing structure of one of larger alveoli of 
air-bladder of Protopterus. 1. central cavity; 2. alveolus; 
3. tubular cavities commnicating with 4, the small terminal 
sacculi. (From Cam. Nat. Hist.) 
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AMPHIBIA | 
Past and present status* 


The Amphibia are the most primitive land vertebrates but 
are Closely followed by the reptiles which are much more ter- 
restrial. Amphibia are limited to an aquatic medium during at 
least the developmental period in most groups, and during the 
entire life cycle in others. Fundamentally they are aquatic 


“because their developmental processes are aquatic. Only a few 


of the most highly specialized modern forms lay their eggs out 


of water. Amphibia are never found in salt water (Weysse, 1911) | 


Amphibia have not attained the success and dominance 


reached by fish, reptiles, birds, and mammals. This lack of | 


success as a group has possibly been due to their varied environ- 
ment. They are forced to occupy a narrow strip of land between 
the water and dry land, a prey to fish on one hand and to rep- 
tiles, birds, and mammals on the other. If attacked in one 
environment they may seek the other and this has saved them from 
complete extinction. The Anura are well known, but the 
salamanders, newts and caecilians have sought safety in out of 


{| 


the way places and exist partly through their extremely retiring 


habits. 


* Prom Newman, 1924. 
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The change from aquatic to terrestrial life has been the 


greatest evolutionary crisis in vertebrate history. The most 


important changes had to do with respiration, circulation, and 


locomotion. 


Types of respiration in Amphibia i 


Gillis and lungs. All Amphibian larvae bear gills, but in 
different genera these organs vary in duration of existence, 
those of aquatic species keeping their external branchiae for a 


much longer period than the terrestrial forms. Ina few | 


Urodeles, for example, Proteidae and Sirenidae, the gills remain» 
in the adult although the lungs also are functional. These | 
animals are called perennibranchiate Urodeles. They are perma- | 
nent water dwelling forms. Their lungs are less elaborate than | 
those of the Dipnoi, having thin-walled sacs with no complicated — 
alveolar structure to increase the respiratory surface which is 
poorly vascularized. Such simple lungs are compensated by 


extensive cutaneous and bucco-pharyngeal respiration. 


In the Anura the gills are never retained in the adult. 


Toward the end of the second month after hatching, the lungs 


| 
| 


‘come into use and the tadpoles frequently come to the surface 


of the water to breathe. The gills then begin to degenerate 


but for a time respiration is carried on by both gills and lungs. 


Without gills the lung structure becomes more complicated 
and improved by the development of alveolar cavities on the 
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inner surface which add greatly to the lung area for respiration. 


Noble (1931) described the alveoli in different groups as fol- 
| 


lows. "In the terrestrial Salienta (Anura) such as Bufo, these 
chambers are small and numerous, and the septa branch, forming 
additional chambers. The septa are highly vascular and clothed | 


with a thin epithelium except along their inner edges where 


ciliate and mucous cells sare abundant covering bundles of smooth 
muscle. In many aquatic Urodeles which practice extensive 
cutaneous and bucco-pharyngeal respiration, the lungs are poorly | 


vascularized and alveoli not formed. This is true of some newts | 


and especially the perennibranchs Proteus and Necturus." | 


Air-tubes 


Generally in Amphibia the distinction between the air-tubes 


and truly respiratory region is not very pronounced. However, 


in Gymnophiona and some Urodeles (Siren and Amphiuma) the 


trachea is definitely formed with walls strengthened by paired | 


| 
cartilages in semi-circular form (Goodrich, 1930). In Amphibia 


the primitive trachea and bronchi enter the lungs at the extreme 


anterior end, whereas in higher forms with lungs better devel- 


oped especially in the anterior part, the bronchi enter further 
“back (Walter, 1928). Anteriorly the lungs of Anura open into 
a small laryngo-tracheal chamber which communicates with the 


mouth by a narrow longitudinal slit-like glottis, surrounded by 


‘rudimentary cartilages (Parker & Haswell, 1897). 
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Covering of the lungs 


As a result of migration posteriorly, the lungs are 


covered by a single layer of peritoneum which was pushed ahead 


of them into the body cavity during development. They do not, 


therefore, have a pleural cavity of their own, but instead lie 


freely in the common body cavity (Walter, 1928). | 
Degeneration of lungs 


In many Salamanders, for example, Salamandridae, Amblysto- 
matinae, Desmognathinae, and Plethodontinae (Wiedersheim, 1897) 
the lungs undergo a more or less complete degeneration even 
| though all traces of gills have been lost. The lung rudiments 
in Rhychatriton are 5 mm. long and in Salamandrina 2 mm. long 
(Noble, 1931). These salamanders breathe by gills until meta- 
morphosis, but in the adult state resort to respiration by skin, 
| 


bucco-pharynx and even the esophagus (Cam. Nat. Hist. Vol. 7). 
The fact that the floor of the mouth is continually raised and 


lowered as in Amphibia which possess lungs, and that in some 
eases the animal dies if these respiratory movements are pre- 


vented indicates that a bucco-pharyngeal respiration takes place 


and that cutaneous respiration alone is insufficient (Wiedershe im, 


1897). "In various species and genera of the family Salamandri- 


dae the lungs, trachea, and larynx have entirely vanished in the 


“lungiless salamanders, being represented by merely a depression 


on the floor of the esophagus in the embryo and even this may 
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disappear in the adult" (Goodrich, 1930). "Salamanders are the 
only vertebrates above the fish which have succeeded in dispen- 


sing with their lungs" (Noble, 1931). 


Tracheal lungs | 


In Typhloneetes, an aquatic form, another variation appears. 
in the form of a tracheal lung or respiratory surface along the 
passage-way between the lung and the pharynx, a condition found 


typically in some snakes (Noble, 1951). | 
Hydrostatic function of lungs and ypsiloid apparatus* 


The lungs of certain salamanders have a hydrostatic func- 
tion as well as a respiratory function. In Proteidae, also, 
the lung is hydrostatic rather than respiratory. 
| Closely correlated with the hydrostatic function of the 
lungs is a structure called the ypsiloid apparatus, found in 


many salamanders. It is a "Y" shaped cartilage, movably articu- 


culated to the anterior edge of the pubis. The action of the 

ypsiloid apparatus has been studied by Whipple, especially in the 
Ame rican salamander, or newt, Diemyctylus (Triturus) viridescens.. 
‘This salamander which is the most aquatic of all American 


salamanders can swim slowly or rapidly, float, remain suspended 


in the water, walk on the bottom, or paddle by all four feet. 


The changes in buoyancy required for this versatility are 


* From Whipple (1906). 
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accomplished partly by the lungs. The salamander swims to the 
surface and takes in air sufficient to cause the body to float. | 
Incréase in buoyancy is usually followed by the emission from 
the lungs of one, two, or three bubbles of air, until buoyancy 


is perfectly adjusted. Still more air is emitted before sinking 


ito the bottom. 

| 
The animal is furthermore able to change the direction of 

the long axis of the body without the slightest swimming motions. 


This is accomplished by a noticeable change in the shape of the | 


body. When the head is slanting downward there is a pronounced 
bulging of the lateral and ventral walls of the posterior third | 


of the body, especially noticeable in the angle between the 


ilium and the vertebral column, as though pressure from within | 


were being exerted. As the body swings upward, there occurs a 


marked constriction in this part of the body, that is, in the | 
ypsiloid region. | 
The lungs of Diemyctylus are sacs that extend the entire 
length of the body cavity, a fact which can be demonstrated by 
inflating the lungs of a freshly killed specimen. They are 


narrow anteriorly, widen gradually, and round off abruptly at the 


posterior end like a club. The free posterior end of each lung 


lies in the angle between the flium and the vertebral column 


and when inflated, causes the bulging of the lateral and ventral 


walls. If inflation is not accompanied by muscular constriction, 


this part of the body becomes relatively more buoyant, causing 
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the head region to slant downward. As soon as the ypsiloid 


apparatus acts, the resulting pressure on the posterior abdominal 
region becomes exerted on the club-like ends of the lungs and 

forces the air in them forward. ‘the effect is to increase the 
buoyancy of the anterior region. On the other hand, when the 

muscles relax, the pressure of air in the lungs as well as the 
elasticity of all parts concerned, allows air to return to the 
posterior region again. | 


Thus the ypsiloid cartilage and the muscles connected with © 


it, together, with the lungs, constitute the mechanism by which 
the relative buoyancy of the anterior and posterior ends of the 
body may be regulated. 

| "The ypsiloid apparatus with the exception of Cryptobranchus 


is confined to the Salamandrida." "In Plethodontidae and | 


Desmognathidae in which the lungs have wholly degenerated a | 


‘corresponding degeneration of the ypsiloid cartilage has occurred. 
..." (Whipple, 1906). 


| Whipple found no ypsiloid cartilage in Necturus maculatus, 


Amphiuma means, and Siren lacertina. 


Cutaneous respiration 


No Amphibian has sufficient lung surface to complete the 
| : 
aeration of the blood (Adams, 1933). Therefore, a cutaneous 
system is required to supplement the lung action. Aquatic 


Amphibians, although acquiring oxygen principally through the 
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lungs, give off carbon dioxide which has great solubility in | 
water, largely through the skin. This has been proven in many 
experiments by S. H. and S. P. Gage (1886) who summarize as 

|| follows "... the respiratory gas-interchange in combined aerial 
and aquatic respiration does not conform to the law governing 
either exclusively aerial or exclusively aquatic respirations, 


but that whenever aerial and aquatic respirations are combined 


| in an animal, the aerial part is principally to supply oxygen, 
| and the aquatic part to get rid of carbon dioxide." 

} Amphibia have abundant skin glands secreting moist mucus 
“which keeps the skin in proper condition for respiration and 

i nenes it to retain its flexibility. The skin is kept moist in 


the frog because it frequently immerses itself in water (Newman, 
1924). 
| The capillaries in Amphibia with rudimentary lungs either 


| 


tion, or else the epidermis remains thin over the skin capil- 


penetrate into the epidermis to facilitate cutaneous respira- 


“laries. An ideal habitat for cutaneous respiration on land is 
the cool wet crannies along banks of streams where there is 


‘opportunity to keep the skin moist. Therefore, stream salaman- 


ders never have the lungs well developed. (Noble, 1931). 
Bucco-pharyngeal respiration 


All Amphibia practice cutaneous respiration and most 
practice bucco-pharyngeal respiration in either air or water. 


For this reason the linings of the mouth and throat are very 


vascular. (Noble, 1951). 


Mechanics of respiration 


of the force pump, whereas in all higher forms they are filled 
by action like that of a suction pump (Goodrich, 1930). 
Whipple (1906) explains the mechanics of respiration as 
follows. Pulmonary and bucco-pharyngeal respiration go on at 
the same time. Bucco-pharyngeal respiration takes place cons- 


tantly and with such rapidity that the visible effect is a 


rapid fluctuation of the throat. The process begins with en- 
Weneiataa ait of the bucco-pharyngeal cavity by lowering the 
hyobranchial apparatus. This results in air being drawn in 
sueowen the nares. Following this inhalation is an exhalation 


in which the floor of the mouth rises. The mouth remains 


tightly closed during the entire process and the respiratory 


currents make use of the nasal passages alone. 


At frequent, though irregular intervals during bucco- 
pharyngeal respiration, acts of pulmonary respiration occur. 
The floor of the mouth is prolonged and exaggeratedly depressed. 
The nares close more or less completely. Air is drawn from the 
lungs into the mouth through the open glottis so the air in the 
mouth becomes a mixture of pure and impure. When the floor of 


‘the mouth is raised again some of this mixed air is forced into 


the lungs and some out through the nares. 


| 
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In Amphibia the lungs are filled according to the principle 
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In addition to aerial bucco-pharyngeal and aerial pulmonary 
respirations there is aquatic respiration in which water is drawn 


in through the nares, and expelled through the mouth and nares. 


Animals change from one system to another as necessary, but it 


4s difficult to make a rapid change, especially if the animal has 
been in one medium for a long time. Some lunged salamanders, 
‘notably Diemyctylus, come to the surface to gulp air, thereby 
es a larger quantity quickly. 

Gnanamathu (1936) has done many experiments with mechanics © 
of respiration in the frog (Fig. 15). He, like Whipple, believes. 
that bucco-pharyngeal respiration is not interrupted for pulmonary 
respiration but that the two types go on simultaneously. The | 
lungs are compressed by the contraction of the body wall so that 
expiration of air from the lungs into the buccal cavity is due 


partly to this and partly to sucking action caused by lowering 


the floor of the buccal cavity. 


BUCCAL MOVEMENTS 
T ELEVATION 
b DEPRESSION 
FLANK MOVEMENTS 
T CONTRACTION 
Lb EXPANSION 
AIR FRom NOSTRILS 
TNHALATION 
+ EXHALATION 
AiR INSIDE LUNGS 


Ex PIRATION 
LIinSPIR ATION 


Fig. 13.~°Scheme of records to show synchronism of various 
movements concerned in respiration in the frog. (From Gnanamuthu) 
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| Characteristic of this mode of respiration in which the 
|ribs take no part, is the great modification in the ribs. In 


‘no living Amphibian do they meet at the sternum (Goodrich, 1930). 


Hibernation 

The ability of the frog to breathe through the skin enables” 
it to hibernate. Then it can get only the oxygen taken in 
panera the skin and oxidation goes on just fast enough to keep 
the animal barely alive. The cold, by slowing down metabolism, 
“reduces the need for oxygen. Hence, frogs can survive under 


water for long periods, but will die if the temperature is raised. 


Cold seems to have been an important factor in permitting lung 


reduction in Ascaphus, America's most primitive frog, since other 


stream-dwelling frogs who live in warmer waters have larger lungs. 


(Noble, 1931). | 


| "The affinity of frog haemoglobin for oxygen is much lower | 
than that of man. Hence, at the same temperature human blood woos 
on much more oxygen than frog blood. At the low temperature 
ordinarily characteristic of Amphibia (15°C) however, the 
oxyhaemoglobin of the frog is able to give up its load of oxygen 
New readily as human oxyhaemoglobin will dissociate at a much 
higher temperature (37°C.; Macela and Seliskar, 1925). In regard 
to its affinity for carbon dioxide, the blood of the bullfrog as 
compared with mammals binds a comparatively high amount (Wastl and 
lSeliskar, 1925) but is unable to regulate its alkalinity as 


effectively as mammalian blood does." (Noble, 1931). 
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Respiration in Specific Amphibia 


In addition to the general information on Amphibia, the 
following animals are treated in detail. 


Apoda (Gymnophiona or Caecilia) 


Urodela (Caudata) 
Salamandridae 
| Species Diemyctylus (Triturus) viridescens 
| Proteidae 
| Species Necturus maculatus 
Anura (Salienta) 


Ranidae 
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APODA (GYMNOPHIONA OR CAECILIA) 


This is a very degenerate group with burrowing habits like | 


the earth-worms. It inhabits tropical or subtropical regions. 


(it has no limbs and a very rudimentary tail (Fig. 14). The skin. 


is arranged in ring-like folds, and is smooth and shiny, set with 


'small dermal scales. The eyes are small and concealed under the 


| skin or maxillary bones, and are practically functionless. 


The gills are lost when the larva hatches. The adult lives” 


(& burrowing life on land. The right lung is elongated, with the 


inner surface divided by a network of blood-vessels, connective 


tissue, and smooth muscle, which form alveoli. The left lung is) 
“rudimentary, being only a few millimeters long. The reduction of 
| 


one lung occurs also in snakes and seems to be correlated with 


the elongate body form of both groups. (Noble, 1931). 


The trachea is very long, and its walls are strengthened by 
a series of paired cartilages, each of which extends about half 


way around the trachea. 


Fig. 14—Gymnophiona. (From Adams.) 
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URODELA (CAUDATA) 


This group includes all the tailed Amphibia, more than 100 


species of mudpuppies, newts, efts, salamanders. They vary from. 


forms living permanently in water and breathing by external gills 


in addition to lungs, to forms that live after metamorphosis 


tN 
| entirely on land, especially,moist woods or other sheltered plac: 


SALAMANDRIDAE 


The Salamandridae include the salamanders and newts which 
comprise three-fourths of all the tailed Amphibia. They have 
no gills in the adult stage, Fore and hind limbs are present 


| but much reduced. Salamanders are usually completely terres- 


trial in the adult stage while newts have aquatic tendencies 


throughout life. 
Diemyctylus viridescens (Raf.) 
Relation of life history to respiration” 


This species is well known also by the name Triturus 


| viridescens, and by numerous common names such as spotted sala- 


mander, water newt, common newt, spotted eft, and vermillion- 


spotted newt (Fig. 15). The red immature form and the adult 


viridescent form were previously thought to be different species. 


*From S.H. Gage (1891). He includes a long list of 
synonymous technical names. 
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It is the best known newt east of the Rocky Mountains, and the 
adult is the most aquatic of all American salamanders. It is 
but four inches in length including the tail which is long and | 
spade-shaped. | 


The life history of this newt naturally influences the 


methods of respiration. In the beginning of the larval life, 


"respiration is wholly aquatic, but as the lungs develop it 
gradually changes to a mixed or combined respiration, that is, 


to a respiration partly aerial and partly aquatic. Later when 


the larvae leave the water for a time and become terrestrial, | 
respiration becomes wholly aerial. At this time, the stratified 
“non-ciliated oral epithelium found in both larvae and aquatic 
adults gradually changes to ciliated epithelium. When an adult | 
aquatic form is kept in air for ten days to two weeks, the | 
epithelium of the mouth becomes ciliated like that of proper 


aerial forms. At egg-laying time the newt enters the water and | 


respiration again becomes mixed. This shows the direct relation | 
of the character of the oral epithelium to the mode of respira- | 
tion. The adult newt under favorable conditions does not leave 
the water after entering it, although it is able to live for 


“several months and perhaps indefinitely in moist places. 
Bucco-pharyngeal respiration 


If a terrestrial Diemyctylus is observed carefully, the 
floor of the mouth and pharynx will be seen to sink and rise 


alternately, many times per minute. On entering the water 
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Diemyctylus remains under for a considerable length of time and 


‘during this submergence the same rhythmical pharyngeal movements 
occur, and water instead of air is alternately taken into and | 


expelled from the mouth. 
% 
Lung structure 


The lungs are two long, narrow transparent, membranous 
sacs which extend far back in the body cavity above the other 


viscera. Internally, each lung is a simple sac with no septa, 


so the external surface is smooth and shows no depressions. A 


layer of the peritoneum holds the anterior parts of the lungs in | 


place but the posterior halves are free. 


| The layers of the lungs are represented in Fig. 16. They | 
consist of (1) an outer serous coat composed of squamous epithe- | 


lium. A few branched pigment cells are found in this coat, 
especially along the course of the pulmonary vein. (2) Inside 


the serous coat is a small quantity of white fibrous connective 


tissue, containing a meshwork of elastic fibers. (3) A layer 
of non-striped muscle of nearly uniform thickness completely 
encircles each lung. The individual muscle cells are large and 
‘fusiform in shape, with a well defined nucleus. (4) The nerves 
are distributed abundantly throughout the muscular coat. (5) The 
\capilleries in the pulmonary walls lie internal to the muscular 
layer. (6) Internal to, and distributed among the capillaries 
*Prom Stirling (1881). 
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_are the epithelial cells forming the innermost layer of the lung. 
Distributed throughout the epithelium are definite tracts of 
cilia, especially along the course of the pulmonary vein and its. 


chief branches. Williams (1859) claims ciliated epithelium is 


present over the course of the pulmonary artery but Stirling 


disagrees. 


The non-ciliated epithelium consists of flattened cells 


with large globular nuclei. The cells are arranged in groups 


and the large nuclei occupy the small meshes between the capil- 


_ilaries, while the thin parts of each cell cover the capillary 


wall, The result is that the air in the lung is separated from 
the blood by the thin non-nucleated part of these cells and 


the flat cells that form the capillary wall. 


Fig. 15.—-Diemyctylus viridescens. (From Hegner.) 
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| Fig. 16.—-Scheme of the wall of the lung of the newt, showing 
layers from without inwards. 
| 1. Serous coat--squamous epithelium, | 
2. Layer of elastic tissue imbedded in a small quantity of 
connective tissue. 
5. & 4. Branches of nerves and the muscular layer. 
5. Layer of capillaries, with groups of epithelial cells 
between them. In some places the cells have fallen out. | 
C, C, represent the capillary blood stream. | 
| S, S, represent the islands of epithelium. 
(From Stirling.) 


| 
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| Fig. 17.-—-Scheme of a vertical section of the wall of the 
| C, C, represent capillaries. 

| S, S, represent arrangement of pulmonary epithelium. 
(From Stirling.) 
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PROTEIDAE 


| The Proteidae are represented by three species all bearing | 
three pairs of fringed external gills throughout life and there-. 
fore called perennibranchiates. 

: Necturus maculatus (Fig. 18) is the common American water 
aoe or mudpuppy, so called because the fringed gills resemble the 
hairy ears of a water spaniel (Newman, 1924). Necturus leads a | 


sluggish life on the muddy bottoms of the Great Lakes and the 


rivers of the Mississippi Valley, and is most active at night 


when it swims or crawls in search of food. It closely resembles _ 


Proteus anguinus (Fig. 21) a European species, is res- 


tricted to the subterranean waters. of Carniola, Carinthia, and 


Dalmatia. It lives much below the surface, in absolute darkness, 


in an almost constant temperature of 50° F. As a rule, in cap- | 


tivity it remains motionless under water, but if the water is 
not sufficiently aerated, it rises to the surface, gives off a 
bubble of air, and takes a new supply into the lungs. In Proteus 
lthe eyes are completely hidden beneath opaque skin (Newman, 1924). 
lon Necturus the eyes are functional, being covered by a thin, 
transparent skin. 

Typhlomolge rathbuni is much like Proteus. It inhabits 


subterranean caves and was discovered in artesian wells in 


Texas (Newman, 1924). 


| 
the larva of Salamandridae, especially that of Ambystoma (axolotl), 
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Fig. 19.—Lungs of Necturus. 
Communication with the vestibule 
indicated by a black spot 
anteriorly. (From Wiedersheinm. ) 


Fig. 18.—Necturus maculatus. (From Newman.) 


Fig. 20._The blood vessels 
of the lungs of Necturus. 
OES, oesophagus 
P.A.,pulmonary artery 
P.V.,pulmonary vein 

(From W.S. Miller.) 
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Fig. 21.—Proteus anguineus. (From Newman. ) 
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Fig. 22.—-Lungs of Proteus. Communication with the vestibule 
indicated by a black spot anteriorly. (From Wiedersheinm.) 


Necturus maculatus 
Methods of respiration” 


In poorly aerated water or warmer water than the animal is 
accustomed to, the gills are kept in constant motion. In clear, 
cold, well-aerated water, they are often held motionless against — 


] 


the sides of the neck for long periods. Under such conditions 


the blood supply is reduced, and the gills change from bright 


to dull red. When the oxygen supply is low, Necturus rises to 
‘the surface at frequent intervals to gulp air, part of which 
passes out through the gill clefts and the remainder into the 
lungs. 

| The skin also functions in respiration and is well supplied 
with blood. The skin ee probably furnishes the necessary 
ee in well-acrated water; the gills are used under ordinary 
lake and stream conditions; and the lungs called into service 
hagt. if a living specimen is exposed to the air, it dies in a 
few hours, the lungs alone being unable to furnish sufficient 
oxygen. In water, however, the animal may live without apparent 


discomfort with gill filaments entirely lost. 


*From Bishop (1926). 
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Structure of lungs”* 


The lungs consist of two narrow elongated transparent 
membranous sacs (Fig. 19). Along the outer mid-line of the | 
been the vein is located (Fig. 20) and on the inner side the | 
artery. Lateral branches with capillaries are arranged so that 
| there is an arterial branch located between every two venous 

| branches. 

The lungs extend back into the abdominal cavity dorsal to 
the other viscera. They are attached along most of their length 
to the dorsal wall. The full grown lung when distended is 100 | 
to 125 millimeters long, of which less than 25 millimeters is 


free. 


Internally, the lungs are typical of all urodeles, being 


perfectly simple sacs, with no septa developed. Their cavities 


_ open into the pharynx through a membranous tube which represents 


the trachea of higher vertebrates. 


Serous layer 


The cells of the epithelium which forms the outermost or 
serous layer of the lung vary in different parts of the lung, as 
“4llustrated in Figs. 23, 24, and 25. 

| *From Miller (1900). 
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| Fig. 25 represents the epithelium found between the large 


| | 
‘blood-vessels, especially in the anterior part of the lung. This 


is the common type, consisting of large thin irregular cells with 
1 | 


comparatively smooth boundaries. The nuclei of these cells have 1 


‘no Gefinite location but may be found in any part of the cell. 
| Fig. 24. Epithelial cells near the large blood-vessels and 
toward the posterior end of the lung are longer and narrower, 
‘becoming more so toward the tips of the lungs. Between the 


lateral branches of the blood-vessels there are often whorls of 


cells centering around a large irregular one. 

| Fig. 25. Covering the blood-vessels and lymphatics is an | 
entirely different type of epithelial cell. It is often extreme- 
lay long and always has jagged edges. 

| Along the inner side of the lung near the pulmonary vein, 
ne shaped pigment cells are often present. 

| Between these three typical cells are all gradations. 
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Epithelium within lung 


The arrangement is often a group or island of cells sur- 


rounded by clear spaces. 


Fig. 26 shows the outline of cells and outline of the 


islands in which the nuclei and the protoplasmic part of the 


cells are situated. 


Fig. 27 shows relation of nuclei and protoplasm to cell 


boundaries in a case where several nuclei are found in a single 


mesh of capillary network. 


Fig. 28. Sometimes a single cell forms an island. 


Fig. 29. Cell boundaries appear to cut through the nucleus 


of a neighboring cell due to overlapping of one cell by another. 


Fig. 30 is a projection drawing of two cells from Fig. 29 


showing the relation of cell boundaries to nucleus and to under- 


lying capillaries. 


Ciliated epithelium and a plexus of capillaries were found 


over both the artery and the vein, down to the apex of the lung, 


while a few ciliated cells were found between them. 


Elastic fibers 


Elastic fibers are found throughout the walls of the lungs 


forming & complex network with coarser fibers and wider meshes 
near the surface and finer fibers located more deeply. The 


coarse fibers run more generally in a direction parallel to the 
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long axis of the lung. The meshes of the fine fibers are very 
intricate, especially around the blood-vessels. 

Fig. 51 is a surface view of elastic fibers over the 
pulmonary artery. 

Fig. 53 shows elastic fibers and muscle nuclei in a longi- 
tudinal section of the lung taken near the blood-vessel. It 
shows the fibers cut crosswise and appearing as dots. 

Fig. 354 shows a cross section in same region as Fig. 33. 


The fibers cut lengthwise appear as lines. 
| 


Muscle fibers 
These are of the involuntary type and run principally in a 
|¢cireular direction, forming a tubular foundation for the lung. 
| Figs. 33 and 34 show the relation between muscle fibers and 


blood-vessels. 


Figs. 35 and 36 show the relative thickness of layers of 
muscle fibers both internal and external to the artery and the 
| vein. 

Nerve fibers 


Fig. 32 shows the finer network of nerve fibers with 


medullated and non-medullated fibers, and nerve cells. 

Fig. 37 shows the distribution of the main nerve trunks 

| 

|found between the blood-vessels. The nerve trunks lying over 


the blood-vessels are not as large as those forming the mesh- 


work between them. Both medullated and non-medullated fibers 


are found in the main trunks. 


| 
i] 
i| 
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ANURA (SALIENTA) | 


Frogs and toads are the characteristic Amphibia of the 
present age. They are represented by about 900 species and 
exhibit a wide range of adaptation and specialization into 


terrestrial, arboreal, aquatic, and burrowing types. 
Ranidae 


Ranidae include the "true frogs" found almost all over the 
world. Sub-Family Raninae comprises the North American frogs of 


which Rana pipiens, leopard frog, is the most common. Frogs 


| 
range from purely aquatic types like Rana catesbiana, the I 
‘bullfrog, to terrestrial types including wood and tree frogs. | 


| The lung structure in frogs and toads is very similar. 


“The highest development in Amphibia is shown in the frog lung 


“but there are all degrees of complexity between the honey- | 
| combed frog lung and the smooth lung of Necturus. The area of 
| 


the inner surface of the lung of Rana esculenta has been calcu- 


lated by Krogh (Holmes, 1907). In a specimen weighing 40 grams 


it was found to be 98 sq. cm. The total surface of the skin was 


estimated to be 154 sq. cm. in the same specimen. 


Lung structure in Anura | 


The lungs are large paired thin-walled sacs, spherical in 


_ shape to conform to the body form (Fig. 38). They vary greatly 


in size and appearance according to their state of distention. 
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| With the exception of their roots they lie entirely free in 


the body cavity and are covered by the pleuro-peritoneal mem- 


brane. This is true of most forms except the toads Pipa and 


Xenopus which have a so-called diaphragm attaching the lung to 
he body wall. In Pipa, a considerable length of the lung is 
firmly attached to the body wall. In Xenopus, a fold of the 
peritoneum a half inch long ties the lung to the body wall and 
there is also a pulmo-gastric attachment. 


The folds within a frog's lungs extend from the inner wall 


| 
] 
| 


in such a way as to divide the entire cavity into stall-like | 
air-chambers, all opening freely into the lung cavity (Fig. 38). | 


The walls within the stalls become further increased by minor i 


folds, each of which carries its individual capillary supply. | 


(Walter, 1928). 


In toads, the air-chambers are shut off from the central 


| 
cavity of the lung by septa at right angles to their walis(Fig.58; 
| 


| 
| 


so that a second internal wall is formed, whose openings lead from 


the central cavity. (Walter, 1928). The air-chambers are more 


| 


extensively developed in correlation with the more terrestrial 


habits. The inner surface is covered with a single layer of 


epithelial cells which are very thin and flattened except on the 


| 
edges of the septa, where they become cylindrical and ciliated. I 


Outside the epithelium is a connective tissue layer which 


contains lymph and blood-vessels, and numerous unstriated muscle | 


cells which give the lungs their power of contraction. The 
outermost surface is covered with peritoneum. 


l 
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Minute structure of lung of frog” | 


| 1. Muscle tissue is arranged mostly in bands which form a 
coarse network of well-developed involuntary muscle fibers on 
the deeper surface of the lung. From this network of muscle 
bands, finer processes of muscle tissue pass towards the surface 
of the lung, and are attached to the thin and incomplete muscle | 
layer found in the wall of the lung. (Fig. 39). | 
ze Connective tissue is present only in a small quantity, 
put sufficient to fill in the spaces between the various muscle 
bands and the surface of the lung. Through this connective 
tissue are distributed the blood-vessels, nerves, lymphatics, 


and numerous yellow elastic fibers. The lungs are extremely 


elastic and are capable of slowly expelling the air even after | 


removal of the abdominal walls. This is a sort of substitute for. 
| 


ribs and other accessory organs of breathing (Williams, 1859). 


| 3. Blood-vessels. The pulmonary artery lies just beneath 


the peritoneal epithelium and extends along the outer surface of 


| 


the lung to the apex, giving off at right angles branches which 


| 
| 
| 
| 
| 
divide and form a capillary network. This network has very small 
polygonal-shaped meshes, the diameter of which is often less than. 


| | 
that of the adjacent capillary. From the capillary network | 


branches arise that form the pulmonary vein which extends from | 


the posterior tip of the lung to its roots. The lymphatics form | 
| 


a network surrounding the larger blood vessels. Pigment cells 

are numerous, large, and branched. They accompany the lymphatics. 
%. 

_ ___ From Ecker (1889). _ | 
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but not the blood vessels. The nerves of the lung follow the 


larger blood vessels under the serous coat. 


In the lungs of the frogs and toads the septa have two 


layers of capillaries, one on either side. Thus the blood is 
axposed to oxygen on one side only. This fact constitutes an 

anatomical difference between the lungs of Amphibia and Reptilia, 
ead those of mammals. In the latter case the septa are composed | 


of a single layer of cells, both sides of which are exposed to 


the air. In this way, the amount of respiratory surface is 
doubled. 

4, Epithelium. Externally the lungs are covered with a 
layer of endothelium derived from the peritoneum. The internal 


surface is covered with epithelium which varies greatly in 


(ney aE positions. 
The capillary areas where respiration actually takes place 
crates, 1859) are covered only by a hyaline epithelium. The 
ciliated epithelium is limited to the course of the larger blood 


Wenuets and the margins of the cells. 
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Fig. 58.—Diagrams to show evolution of lung structure. The 
plan of a lizard's lung may be regarded as like a cluster of 
toads’ lungs, and in turn the alligator lung as composed of 
jseveral lizards! lungs. The air-sacs of the bird extend beyond 


| 


the lung itself but are in commnication with it. (From Walter.) 
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Fig. 59.——Outiine of part of lung of frog, 


of muscle tissue. 


A, larger bands of muscle tissue. 
B, smaller bands of muscle tissue. 
C, incomplete muscle layer in wall of lung. 
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| (From Ecker.) 
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REPTILIA 


Advance in lung structure 


| 
The breathing system in reptiles consists of lungs aided 


‘by well developed accessory organs such as pharynx, larynx, a 


"trachea with cartilaginous supports, a nasal passage, and ribs 
which aid in respiratory movements. 

The lung structure varies from the simple sac with a large 
atrium, as seen in Sphenodon, to the mammalian type of lung 


found in all Amniota from crocodiles upward. The snake's lung 


exhibits variation in structure, being most complicated at the 


anterior end and most degenerate or sac-like at the posterior 


end. Only in the anterior region are the air-cells arranged in 
groups to form air-sacs. 

| Several advances in structure may be pointed out ina 
laine animal such as the lizard, Heloderma suspectum. (1) The 


central cavity is divided by partitions into air-sacs which are 


atrium is reduced to a narrow tube because the air-sacs have 


‘encroached on the central cavity. This atrium is similar to a 


bs 


posterior sac is simple in structure as compared with the snake's. 


lung in which about two-thirds is smooth and sac-like. (4) The 


subdivided into air-cells (Fig. 81, in summary). (2) The bronchus 


extends into the lung as far as the posterior sac. (3) Only the 
| | 


} 
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bronchus except that it is perforated with the openings of the 
air-sacs. 

| Purther advance is found in a higher lizard, Varanus, in 
which there is no atrium, a bronchus that subdivides into smaller 
‘tubes leading to infundibula, and a spongy texture throughout. 


Turtles exhibit much variety. in the amount of division into 


air-sacs and subdivision within these sacs, especially in the 
posterior chamber which may be as smooth as in Necturus, some- 
what subdivided as in the frog, or complex in structure as in | 
the rest of the lung, a condition found in Macrochelys. Each | 


air-sac commnicates with the bronchus by an oval or circular 


| 
opening in its walls, as in Heloderma suspectum. 


The highest approach to the mammalian type of lung is found 


in Crocodilia. The bronchus enters the lung near its center and 


passes somewhat obliquely to about the lower third where it | 


divides into 8 to 15 tubes which are connected with numerous air- 


sacs (Fig. 81). A crocodile lung is like an enlarged lobule of a|| 


mammalian lung. 

Stricker (1872) summarizes the condition of the bronchus in 
| 

reptiles as follows: "The continuation of the bronchus, which 


projects a greater or less distance into the lung, consists in 


snakes of a semi-cylinder, in turtles of a straight tube per- 
forated with round openings, and in crocodiles of a somewhat 


| 
branching tube." 


The trachea is strengthened by a series of cartilaginous 


i] 


rings, incomplete dorsally. In Reptilia with two lungs, the 
| 
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iecashes divides into two bronchi. Where only one lung is well 
developed, as in snakes, the trachea leads into the main lung, 
“and an orifice in it just before that point admits air to the 
rudimentary lung. In snakes, the trachea sometimes extends into | 


the lung as a groove called the tracheal gutter, which is often 
Imch reduced and represented by simply a flat band. 


| The lungs of Chelonia and Crocodilia differ from those of 
the other Reptilia in not projecting freely into the body cavity, 


because folds of the peritoneum separate them from it. 


Asymmetry of lungs 


In limbed and in some limbless Squamata the lungs are 
developed equally on both sides, but the long narrow body of 
snakes and of some lizards causes a crowding and displacement 


of some of the organs, resulting in asymetrical lungs. Cope (1894) 


examined 150 species of snakes. Butler (1895) investigated the 


lungs in 59 species of snakes belonging to 9 different families 
and in 21 species of lizards. Coe, in Coe and Kunkel (1906), 


“studied the lungs of the anguoid Anniella pulchra. Both Coe 
and Butler checked the work of Cope and the results obtained 


show that in all forms except the Amphisbaenidae the left lung 


4s the one that is reduced. In the Amphisbaenidae alone the 
right lung is reduced or absent. In snakes the well developed 


lung usually extends the whole length of the body cavity. 
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H Mechanics of respiration 


In some reptiles there is found the first evidence of 


fully developed ribs attached to the sternum in front and used 


as a mechanism of respiration. Inflation is brought about by 


the expansion of the thoracic chamber where the ribs, except 
An Chelonians, are well developed, jointed, and movable, and as 
a rule, articulate ventrally with the sternum. Contraction of 
the intercostal muscles drawing forward and straightening the 
ribs expands the thoracic cavity and the air rushes into the 


‘lungs through the open glottis. Relaxation of these muscles 
ada descent of the ribs causes reduction in the size of the 


/ 
| 
} 


‘thoracic cavity and the expiration takes place. The process is 
| 
further aided by the development of septa, which are modified 


diaphragms. These principles of respiration are the same for 


all Amniota except turtles, whose ribs are attached to the upper | 


shell. Respiration in turtles is carried on by respiratory 
| 


muscles located in the trunk. 
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ORDER RHYNCHOCEPHALIA™ 


——2y—— 


The first order of reptiles, Rhynchocephalia, is represente 
= a single species, whose only living representative is 
Sphenodon or Hatteria (Fig. 40). It is a lizard-like reptile 
about 16 inches long, now confined to a few small islands off 
the coast of New Zealand. In its native habitat it is commonly 


called tuatara, a name that signifies the presence of spines 


which are found on the mid-dorsal line, at more or less regular 


intervals, from the head to the end of the tail. It is facing 
extinction, being eliminated by wild pigs, dogs and cats, rep- 


tile-eating tribes, brush fires, and civilization in general. 


There are no recent studies of the Sphenodon available. 


These animals grow very slowly, so that full grown speci- | 
mens are many years old. They are sluggish in habits and fond 
of the water, often lying full length in it during the greater 


part of the day. They may live in holes dug by the mutton bird 


‘but also burrow others for themselves in the loose sand and 
pebbles on the banks of rivers or islets. Captive tuataras are 


constantly burrowing. 


Lung structure 


The tuatara represents the simplest lung condition among 


reptiles. The lungs are two long thin sacs lined with infun- 
dibula throughout (Fig.41). They have partly transparent walls, 


| “tatirely from A.K. Newman, 1877. This is the only account 
of any length. 
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on the inner surface of which are a few villous-like projections. 
The lungs extend nearly the whole length of the body. The left 
and right lungs are of nearly the same capacity, each with a | 
large atrium. They resemble amphibian rather than reptilian 
lungs, but are efficient enough for an animal that is very 


sluggish, sleeps most of the day, and always moves slowly. 
Air-tubes 


The trachea is long and straight with soft, flexible rings 


of cartilage, irregularly arranged and incomplete on the dorsal 


side. The two bronchi are very short and terminate immediately 


after their entrance into the lungs. 
Nostrils 


The nostrils are two small holes almost hidden by lateral | 


cranial skin ridges. A probe passed into them passes downward | 


| 
| 


and forward. 


} 


Division of body cavity 


The body cavity is not divided by a diaphragm, but a por- 
tion of the peritoneum is attached to the ribs where a diaphragm 


‘would be expected. 


Mechanics of breathing 


As the abdomen and thorax are tightly bound by the abdomi- 


nal ribs, they do not change their form, and only the vertebral 


i 
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| 
throat swells, then the lungs expand. The walls of the trunk 


ribs move during respiration. When the tuatara inspires its 
are then motionless for many seconds, sometimes about half a 


and during inspiration it greatly depresses the hyoid and 
trachea, thereby enlarging the pharyngeal cavity still more. 

In this way, the animal inhales a large quantity of air, filling 
‘the lungs, trachea, pharyngeal cavity, and mouth, enabling it_ 
ito remain under water for hours without coming to the surface. 


The quantity of air in all these cavities amounts to several 


‘eubic inches, which is sufficient to sustain life for some time 


in a small and cold-blooded reptile. 


| 
| 


minute before expiration occurs. The pharyngeal cavity is large 
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Fig. 40.—Sphenodon punctatum. (From Newman.) 


Fig. 41.—-Lungs of Sphenodon, ventral view. 
opened to show the alveoli. (From Kingsley.) 
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snapping turtle of the Unitea States, the lungs are wedge 


lie in contact with the vault of the dorsal shield and are 
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ORDER CHELONIA (TURTLES AND TORTOISES) 


Lung structure 


Two very large symmetrical lungs are present, one on each ! 


side of the vertebral column in the hollow of the carapace. The 


parenchyma is well developed so the whole lung has a spongy 
texture. There is no atrium. The bronchus, on entering the 
lung continues as a large tube extending to the posterior end. 
From this main bronchial tube secondary bronchi diverge at 
right angles and end in incompletely separated air-cells which 
are smaller in the anterior than in the posterior portion of 
the lung (Fig. 42). 

In the tortoise, Testudo orbicularis,* the lungs cover 


nearly the whole of the testae. They are cellular as in the 


froge Each lung is subdivided into four or five indistinct 
lobules. The cellular texture is not uniform; the cells of the 

middle lobules are smallest, and those of the posterior lobule | 
largest. 


In Chelydra serpentina (Mitchell and Morehouse, 1863), the 


shaped, with the base of the wedge located anteriorly. They 


separated from each other by the large retractor muscles of the 
neck, the blood vessels, and the nerves. The walls of the lungs 


are very elastic, thus facilitating the act of respiration. 
+ 
From Mitchell and Morehouse (1863) __ 
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They give no evidence of muscle fibers. 

When the neck of a turtle is retracted, the trachea forms 
a loop to the left which is straightened out when the neck is 
extended. The bronchi enter the lungs at the ventral median 


edge, a little behind the anterior extremity. 
Mechanics of respiration in Chelonia 


Mitchell and Morehouse (1863), in a lengthy study, give 
their conclusions arrived at from numerous experiments to show 
the mechanics of respiration in the turtle. The function of 
the muscles was determined by observation, by stimulating them 
directly, and by irritating their nerves. The object of the 
report is to show that turtles do not swallow air in breathing 
but that their respiratory acts are carried on by inspiratory 
and expiratory muscles situated in the trunk. This explanation 
corrects a common idea that turtles inspire by swallowing air 
as frogs do. This idea probably arose from observation of the 
panting movements of the under part of the throat, common to 
both Amphibia and Reptilia. 

The solid thorax prevents the freedom in respiratory 
movements that is typical of higher vertebrates. The ordinary 
guiet respiration in mammals, when the ribs are at rest and 
the cavity of the thorax enlarged by the descent of the 


diaphragm alone, is comparable to that of turtles in which the 


| cavity is enlerged by the contraction of the mscles of the 


| flanks, 


| 
| 


| 
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| valves as in frogs and the shape of the horny lips render it 


| chamber in pumping air into the lungs. Furthermore, the laryn- 


| geal cavity is too small to act as a chamber, and the hyoid 


_or when subjected to great external pressure as occurs in marine 


| the glottis and controlling its movements. These are the crico-| 


Turtles breathe at very irregular intervals. These are 
much prolonged if the turtle is in water, and half an hour or 
more may elapse before it rises to the top to take two or three | 
inspirations before plunging. Turtles breathe easily with the 
mouth open or shut, quite different from Amphibians. The res- 


piratory process has three phases: (1) complete expiration; 


(2) complete and very full inspiration; (3) an appearance of 
slight or partial expiration followed by a pause of greater or 
less duration. This slight expiration relieves the lungs of 
any surplus air, 
Whenever a turtle breathes in air, these triple actions 
occur, but when under water it occasionally expires air, without) 
rising to the surface to renew the supply. | 
Mitchell and Morehouse found that the breathing power of 
turtles, unlike Amphibians does not lie in the hyoid arches, 


larynx, or mouth. In the turtle, the nostrils do not have 


impossible to make the mouth air-tight enough to act as a | 


arch in its descent does not enlarge the pharyngeal cavity. 


The ability of turtles to hold air in the lungs at will, 


species, is determined by two pairs of muscles situated around 
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arytenoid muscle which opens the glottis lips and the crico- 
hyoid which acts as a sphincter, closing them. These muscles 


also prevent water from entering the lungse 
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Fig. 42.—Diagram of formation of lungs in turtle. 
View A, showing intrapulmonary bronchus, with several primary 
alveolar chambers invading the surrounding mesoderm. 
View B, showing intermediate stage. | 
| View C, showing the adult condition. The chambers have 
become subdivided into alveoli by ingrowths of their walls. The 


mesoderm has been reduced to partitions between the chambers. 
| (From Walter. ) 
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smaller tubes leading to infundibula (Cam. Nat. Hist. Vol. 8). 


called diaphragms. 


ORDER CROCODILIA 


Crocodilia include the crocodiles, alligators, and ani 
They are distributed widely throughout the tropics and saan | 


are enemies of man. 


Lung structure 


The lung structure is complicated as shown by the great 
increase in respiratory surface. The lungs are oval in shape 
(Pig. 81). The parenchyma is well developed giving the whole 
lung a spongy texture. There is no atrium. The main bronchus 
extends to the posterior end of the lung and branches systemati- 


cally into secondary and tertiary bronchi, which divide into 


The lungs are enclosed in a pleural cavity, distinct from 


the abdominal cavity, due to the presence of partitions or so- 


Crocodilia is the first group of reptiles to have features 


that characterize it as a mammalian type of lung. 
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ORDER SQUAMATA 


) The two subdivisions of Squamata, the Lacertilia and 
Ophidia, comprise the most dominant group of reptiles of the 
present day. They exhibit a high degree of adaptation, being 


terrestrial, fossorial, arboreal, amphibious, and aquatic. 
A. Lacertilia (Lizards) 


There are 2500 living species. Although they prefer the 
tropics and subtropics, their representatives are found on cold 


Siberian plains, scorching deserts, moist lowlands, high 


mountains, and the seashore. They climb, run, swim, and burrow. 


The majority have well developed legs although a few degenerate 


burrowing forms are limbless as well as practically blind. Most | 


of them are beneficial to man due to their preference for insect 
‘food. 


Lung structure 


The lungs are elongated sacs extending far back in the body 
cavity, usually paired but not always symmetrical (Fig. 44). The 


whole lung has a spongy texture with the parenchyma much better 


\developed in the anterior region near the entrance of the bronchus, 


and gradually dwindling toward the apex which may be thin and 
saccular. 


In lizards septa extend from the wall of the lung nearly to 


the bronchus (Fig. 38), thus dividing the lung into chambers that 
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are lined with alveoli (Fig. 45). Each septum consists of a 
central framework of elastic fibrous tissue lined on either 
side by a network of capillaries. This plexus is covered by 
| hyaline pavement epithelium. Tracts of ciliated epithelium are 
found along the margins of the cells, the course of the blood 
| vessels, and along the denser tissues. The double layer of 
blood vessels in each septum is a point of structure character- 
| istic of the reptilian lung. (Williams, 1859). 

The Varanidae which surpass all modern lizards in size are 
the highest form of Lacertilia. The lung is spongy throughout, 
and has no atrium. The bronchus divides into distinct secondary 


bronchi which have smaller divisions that lead to infundibula. 


In Ascalobatae, Iguanidae, and Varanidae (Goodrich, 1930) 


the terminal thin-walled sacs may be prolonged into blind 
processes. These are especially numerous in Chameleons where 
they extend among the abdominal viscera and help the animal to 
distend itself. 

Camp's "Classification of Lizards" (1923) includes the 
following outline of lungs. 

"Milani (1894) distinguishes four degrees of differentia- 
tion of the lung structure in lizards. 

(1) Sphenodon type. This type is found in certain scincs 
and teiids. The lungs are simple alveolar-walled sacs without 


septa and different from Amphibia only in specialization of the 


trachea. 
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| type is developed from the Sphenodon type by enlargement of some 


(2) Lacerta type. Here there are a number of septa divi- 


ding a portion of the lungs into small internal chambers. This 


of the alveolar walls and is not essentially different from it, 


This type is found in | 
ae Gekko verticillatus 
b. Gekko vittatus 
Ce eaventeta mauritanica 
d. Tarentola annularis 
e. Gymmodactylus platurus 
f. Thecadactylus rapicauda 
g. Hemidactylus turcicus 
h. Calotes jubatus 
i. Tiliqua 


j. Lacerta ocellata 

k. Lacerta agilis 

1. Lacerta viridis 

m. Zonurus giganteus 
(3) Iguana type. This type is found in a number of iguanids 
and agamids. The lungs of Heloderma and Phrynosoma approach but 


do not attain the typical development of this type. It is still 


more highly specialized by marked extension and enlargement of 


the less numerous septa. 


(4) Varanus type. This is the most highly modified of all 


with long internal bronchi and a spongy internal reticular net- 
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work as in mammals. The'avian lungs! of Uroplates and Polychrus 


have the finger-like processes characteristic of some chameleons, 


Internal septa develop as in the iguana type." | 
California Limbless Lizard.-Anniella pulchra 


Coe and Kunkel (1906) made a detailed study of Anniella 
pulchra, a limbless lizard widely distributed in California, 
Arizona, and southward. It prefers dry and barren localities, 
deserts, and the sand dunes of the seashore. This lizard is 
of interest because it presents a number of anatomical features 
which deviate more or less from those characteristic of lizards. 
Both lungs are functional. The right lung is much elongated 
and well developed while the left is small and rudimentary. 


Both have a similar anterior lobe. 

The larger right lung is long and tubular (Fig. 46), larges 
in its middle portion and tapering gradually to a slender pointe 
posterior end. The trachea enters the median border of the lung 
a short distance behind the anterior end, which is thus extended 
forward as a short lobe. The lumen of this lobe is directly 
continuous posteriorly with that of the main portion of the lung, 
although there is often a slight constriction in this region. If 
the constriction is marked, the opening into the posterior end 
of the lobe is narrow. 

The left lung is usually less than + as long as the right. 


The cavities of the two lungs are connected by a narrow opening, | 
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| the lungs themselves are closely bound together by a sheath of 


| strong connective tissue except at their anterior and posterior 


difference in size. Their walls are thin and membranous as the 


jcavity for some distance behind the heart and then lies ventral 


is great variation is size, particularly in regard to the rudi- 


‘mentary lung. 


— — ———— a ‘i 


oval in outline, and situated at the extreme posterior end of 


the trachea. The anterior projection from the rudimentary left 


lung is often as large as the corresponding projection in the i 
right lung. 

t 
Although the cavities of the two lungs are well separated, | 


extremities. 


Both lungs are functional throughout in spite of the great 


septa bearing the blood vessels form only shallow alveoli. The 
atrium, therefore, is nearly as large as the lung itself. 

The large lung occupies the right side of the body cavity 
and extends posteriorly on the dorsal side of the liver, while 
the esophagus occupies a corresponding position on the left side 
of the body. When the esophagus is empty and the lung distended, 
the latter actually fills the whole ventral portion of the body 


to the esophagus. 
In an adult lizard, about 170 mm. long, the average length 
of the right lobe is about 35 mm. and that of the left lobe 


about 8 mm. The length of the trachea is about 50 mm. There 
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Fig. 43.—Diagram to show the choana (dotted) in alligator. 
It leads to trachea behind a flap-like velum in the back part 


long as external nostrils are above the water line. The velum 
closes off the inner choanal opening from the mouth cavity. 
(From Walter.) 


TRACHEA 


RIGHT LOBE 
LEFT LOBE 


ALVEOLAR SURFACE 


Fig. 44.—Lungs of the lizard, Sceloporus. (From Adams.) 


MBR 


LBR 


Fig. 45.—Section through ian of a Lacertilian. BR, lateral 
external bronchus; MBR, main For a bronchus; LBR, * secondary 
bronchus leading to air-cells; A, anterior saccular extensions 

of bronchi; P, posterior extensions of bronchi. (From Goodrich, ) || 


of mouth cavity, which enables the animal to breathe under water. 
and at the same time to drown its prey held between the jaws, so. 
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duodenum 
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rectum 

trachea 


lung, with large right, and rudimentary | 
left lobes 


heart 
liver 
gall bladder 


the lobes of pancreas and spleen 


| Fig. 46.-——-Diagram of digestive and respiratory organs of 
California Limbless Lizard, in their natural positions, ventral 


view. 


(From Coe & Kunkel.) 


Amphisbaena Braziliana* 


This lizard is the exception to the rule that the right 
lung is better developed in cases of asymetry. It belongs to a 
degenerate family of the burrowing type, legless, with eyes and | 
ears concealed. It greatly resembles the Amphibian caecilian, | 


| being worm-shaped with numerous rings formed by the soft skin 


from the caecilian. 

The rudimentary right lung is about one-half inch long, 
and like the long left lung has a short forward extension. The 
‘left lung extends posteriorly into the body cavity as far as the 
end of the liver. It is a simple sac, with the usual honey-comb 


but it has a long forked tongue by which it may be distinguished | 


the lung and that portion within the lung shows irregularity in 


Heloderma suspectum (Gila monster)** 


This lizard is the only poisonous lizard native to the 
United States. It is called a beaded lizard because the body 
‘is covered with bead-like tubercles. 


Unlike the two lizards previously discussed, Heloderma 


! **prom Shufeldt (1890) 


appearance, and a large atrium, all characteristic of the typical) 


lizard lung. The trachea is continued only a short distance into 


the arrangement of the rings of cartilage. 1 


“Prom Beddard (1905) | 
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suspectum has lerge symmetrical lungs (Fig. 47). They are wide 
anteriorly and narrow gradually, ending in a rounded tip. In 
the anterior part the tissue is fine and spongy, while the 
posterior region is composed of sacs covered by & serous Coat 


of dense texture, filled in by air-cells that are larger and 


‘more open. This is a typical condition in this class of 
vertebrates. 


The glottis is a narrow, medio-vertical slit with no 


epiglottis, but the sides press close together so food is pre- 


vented from entering the trachea. The trachea, including the 


\larynx was 7% em. long in this specimen, and composed of about 
57 cartilaginous rings, all incomplete dorsally. A few of these 


bifurcate as in man. Throughout their length the bronchi are 


‘almost as wide as the trachea. They curve slightly in the 
anterior part of the lung. Cartilaginous rings are lacking 
\jposteriorly where the lung tissue is coarser. Bronchial branche 
jare not definite as communication is made with the lung by means 
of short necked apertures found at a few points along their 


sides, mostly anteriorly. 


Chameleons 
Certain lizards, notably chameleons, have lungs with sac- 


‘like extensions (Fig. 48) which enable them to swell up to some 


extent, an act which is more of a protection than a respiratory 
aid (Walter, 1928). In most other respects the chameleon lung 


is a typical Lacertilian lung with a large atrium, lung tissue 
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more compact and spongy in the anterior part than posteriorly 
where the terminal sacs are thin-walled and less vascular. 

The long thin-walled processes extend among the viscera where- 
ever there is room. Their form may be epindle or club shaped 


or lobulated. 
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Fig. 47.—Anatomy of Heloderma suspectum, ventral view. 
TR, trachea 

C.A., carotid artery 

T.G., thyroid gland 

R.L., right lung 

Lobes, left lung 


L.C., anterior cap of peritoneum (cut short) in which the 
lobulus cardiacus of liver is lodged 


OE, oesophagus 
I.J., internal jugular 
H, heart 


(From Shufeldt.) 
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Fig. 48.-Lungs of Chamaeleo monachus. (From Yiedershein. ) 
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B. Ophidia (Snakes) 


», Although snakes are degenerate in certain respects, on the 


whole they represent a more advanced stage of specialization i 


than lizards. They are limbless with the exception of a few 
i\that heave rudimentary limbs. | 
They are extremely sensitive to cold. In northern countries | 
|snakes survive the winter only by burrowing into the ground be- | 
low the frost line, therefore most of the 2300 species are found | 
in the tropics or semi-tropics. | 
| General types of snakes have holes in the ground as retreats 
in danger or for hibernation. Desert snakes burrow to protect 

themselves from the high temperature. A few snakes are arboreal. 


Several sre aquatic, some living in shallow water and others in 


deep ocean water far from shore. 


The shape of the body is modifiéd to meet the environmental | 
requirements. Burrowing snakes have round somewhat rigid bodies. 
Tree snakes have extremely flexible bodies, often compressed. 


Flattened bodies are characteristic of the sluggish vipers and 


many desert-dwelling forms. Some aquatic snakes are short and 


heavy but others are slender with the posterior part of the 


body compressed. 


The sternum is lacking and snakes actually walk on their 
ribs, each of which is equipped with a separate muscle. The 


ribs of snakes are attached dorsally along the entire length of 
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the backbone which is made up of numerous vertebrae. The arti- 
culations of the vertebrae give the snakes their litheness, so 
that with a single movement of the ribs and scales they can 
climb, leap, swim, and stand erect for a third of their length, 


and run swiftly without the aid of legs. 
Lung structure 


In the snake there is, as a rule, a single elongated lung, 
the right. The left is rudimentary and may or may not be func- 
tional. Sometimes it is absent altogether. In some species 
‘both lungs are almost equally well developed, but the left is 

generally shorter. In addition to the typical lungs, some 
| aveedion a have a structure called a tracheal lung, formed by respi- 
ratory tissue at the dorsal side of the trachea. 

The rudimentary lung, if present, is on the left side of 
‘the body but in a few species this is not evident due to dis- 
placement of the viscera, in a more or less rotary direction. 
Butler (1895) has determined thab in snakes, if one lung is 
rudimentary, it is always the left. One of the characteristic 
Gisplacements is of the larger right lung from the right side 
into a dorsal position underlying the vertebral column and ex- 
tending partly into the left half of the body. Therefore, the 
right lung is in the various accounts of Cope referred to as the 


idorsal lung, and the left, if present, as the ventral lung. 
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The lung is perfectly smooth externally and with few ex- 
ceptions internally for the posterior two-thirds of its length 
(Fig. 81). The inner surface of the anterior third becomes 
more and more divided until the anterior sixth where it is 
elaborated into many small sacs or alveoli, each of which com- 
municates by a circular opening with the cavity of the lung 
| (Miller, 1893). 

Each alveolus (Williams, 1859) divides into secondary and 


tertiary alveoli. The individual air-cells are surrounded by a 


septum that is complete, so there is no communication between 
the cells. This septum has two layers of capillaries separated 
| from each other by an intermediate layer of elastic tissue. 

| Over the interior of the lung ciliated epithelium is distributed 
hagavaery along the courses of the larger blood vessels, the 


borders of the cells, and along the lines of thickened tissue. 
Python (Cuvier) 


The Python is described by Hopkinson and Pancoast (18357) 
and serves as an example of a snake that has two well developed 


lungs. The Boas which belong to the same family as the Pythons 


have the same fundamental structure. "The only serpents in 
which there is a pair of well-developed lungs are the Boidae" 
(Beddard, 1906, Vol. 1). No tracheal lung is present in either 


(Cope, 1894). 
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In this specimen of Python (Cuvier) the trachea is 1! 8" 


Each ring is connected to the adjoining one by an elastic 
membrane, so that when the trachea is stretched lengthwise, it 
easily regains its former condition. In the region of the 
heart, the trachea divides into two bronchi. 

The lungs are two distinct bags, united along their middle 
edges but separated at their ends. The difference in size is 
less marked than in most snakes. The right lung is 2' 10" long 
and about 4" wide, and extends as far as the gall-bladder. The 
j\left lung is 1! 9" long and 3" wide, and extends as far as the 


posterior end of the liver. 


The upper part of each lung is spongy, the parietes thick, 
and the inner surface covered with a loose reticulated tissue. 
The lower 44 of each lung is thin, semi-transparent, and has 


‘fewer blood vessels than the upper part. 


Pelagic Serpents 


Hydrophis schistosa* 


Pelagic serpents (Cantor, 1841) compared with terrestrial 


serpents show great modification in structure especially of the 
respiratory system. In all other serpents, the anterior ribs 
only are used in respiration but in the pelagic serpent whose 
lung extends to the anus, the entire set of ribs assists in 


respiration. In a specimen of Hydrophis schistosa three feet, 
*From Cantor (1841) 


long and 3/8" wide, with cartilaginous rings incomplete dorsally. 
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ten inches long, Cantor counted 168 ribs. A tracheal lung is 
present (Cope, tone)! 

The nostrils are small and furnished with a membranous 
valve which is open to admit air and closed to prevent the 
| entrance of water. 
The trachea is long and cylindrical and gradually widens 
| posteriorly. It extends as far back as the liver. At some ( 
| distances anterior to the heart it becomes cellular and from 


this point the single lung commenced (Fig. 50). The lung is 


long, narrow, and cylindrical but in several places it widens 
| into spacious sacs (Fig. 49). Near the posterior end of the 


liver it becomes narrow and continues so for the rest of its 


length. It is attached by a short round ligament near the anus. | 

ied ands the lung structure is unusual because the entire 
lung is spongy, although to less degree in the posterior part. 
The whole of the cavity of the lung is lined with cilia. 

This great development of the lung indicates the importance 
of its functions. First, it serves as an organ of respiration | 
and a reservoir for air, which allows oxidation to be carried 
= in the body for a considerable length of time when the mouth 
and nostrils are closed, while the serpent goes to great depths 
in search of food. 

Secondly, the lung filled with air floats the body, parti- 
cularly when food is swallowed and the specific gravity is 


increased. The filled stomach, by pressing against the lung 
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causes the part posterior to it to become isolated and serve as 


a float. 
Tracheal lungs 


In snakes "the lung-substance may exist from the very com- 
mencement of the trachea, forming the so-called 'tracheal lung! 
which itself shows considerable variation in its condition in 
different serpents." (Beddard, 1906). 

In discussing the wide distribution of the tracheal lung, 
|Beddard, referring to Cope says "...after a survey of the 
| leading groups of Ophidians found it to occur in the principal 
subdivisions of the order or suborder." 

Thompson (1913) gives some reasons for the presence of 
\tracheal lungs. (1) The tracheal membrane contributes to the 
(flexibility of the trachea, permitting it to be subject to 


‘greater pressure especially when bulky morsels pass through the 


pulmonary area, especially when the lung has been encroached 
upon by other organs, as in Viperidae, where the elaboration of 
venom requires a large liver. Since the body in these serpents 
is, as a rule, short and thick, the liver crowds the lung, so 
\the pulmonary tissue tends to spread out along the tracheal 
membrane. (3) In Hydrophidae, sea-going snakes, an increase in 
pulmonary area is required to give buoyancy and to enable the 


snakes to remain for some time beneath the surface. In 


esophagus. (2) Being continuous with the lung, it increases the | 
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_only one in Peropoda to have a tracheal lung. The tracheal 


| lumen of the tracheal lung while in Chersydrus it is not. 


_ (Beddard, 1903) shows a peculiar structure in the trachea and | 
| tracheal lung. The dorsal tracheal membrane is perforated 
| throughout most of its length by 26 or 27 oval openings, regular- 


| ly spaced (Fig. 51), and leading into chambers which do not com- 


 Beddard interprets these chambers as possible remains of the 


tracheal lung, in which the respiratory function has been lost. 


| developed to a great extent but as an air-sac rather than a 


Acrochordinae, the members of which are aquatic in their hsbits, 
there is a highly developed tracheal lung. 

Cope (1894) found marked gradations in the tracheal lung. 
In the genus Heterodon (puff-adder) it exists as a pocket along | 


the trachea, reaching to the head, and without communication 


with the trachea except by way of the lung. In Solenoglypha 

(vipers), without exception, the tracheal lung exists, extends 
to the head, and its lumen is continuous with the trachea and 
with the normal lung. This is true also of the sea-snakes in | 
in the genera Hydrus and Hydrophis, and in genus Ungualia, the | 


lung is distinct from the true lung in Platurus and Chersydrus 


| 


(sea-snakes). In Platurus the trachea is separate from the 


The Hamadryad snake (Ophiophagus bungaris) or King Cobra 


municate with each other nor with the lung. Between these 


openings are rounded thinnings of the tracheal membrane. 


In Coluber corais (Beddard, 1906) the tracheal lung is 
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| respiratory organ. Almost from its beginning the trachea cease 


| to be a closed tube and opens out into a gutter, The free ends 


of the cartilaginous rings are connected by a thin-walled sac 
several times the diameter of the trachea itself. This sac is 


honeycombed and vascular in such a small area that it can aid 


| very little in respiration. 


In Erythrolamprus aesculapii (Beddard, 1906) the tracheal 


lung (Fig.53) 4s very small, but functional. It is honeycombed 


and vascular like the lung, and continuous with it. 
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Fig. 49—Dissection of young pelagic serpent, Hydrophis 
schistosa (Schlegel). E, esophagus; T, trachea; L, lung. 
Total length of trachea and lung is 3' 2". (From Cantor.) 
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| Fig. 50.—Internal surface of that part of lung which receives 
the trachea in Hydrophis schistosa (Schlegel). (From Cantor.) 


Fig. 51.—A portion of trachea from dorsal surface of 
Ophiophagus. A, perforation leading into air-sac; B, circular 
thinning of tracheal membrane. (From Beddard.) 
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Fig. 52.—Lung of Erythrolamprus aesculapii. P.A., pulmonary 
artery; TR, trachea, along which runs a special branch of the 


pulmonary artery. (From Beddard.) 


Fig. 53.--Commencement of lung of Erythrolamprus aesculapii, 


cut open. L, lung; A, forward extension of lung along trachea; 
O, orifice of headward extension of lung (A) into main lung. 
_L', rudimentary second lung, the orifice into which is shown in 
the tracheal semirings; B, tracheal lung. (From Beddard.) 
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Fig. 54.-—Base of lungs of Xenopeltis unicolor (Reinhardt), 
viewed from below. The object is to display the bridge uniting 
the two lungs, the termination of the trachea, the long free 
apex of the left lung, the adherent apex of the right lung, 
jwith its tiny free tip, and anterior to it the portion of the 
tracheal membrane which is lined internally with pulmonary 
tissue and is bordered by a branch of the pulmonary artery. 
(From Thompson. ) 
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The respiratory system consists of a pair of lungs and a_ | 


number of air-sacs (commonly eleven) which are extensions of 


the lungs. The air-sacs,in turn, often have narrow elongated 


sacs extending among the viscera and into the bones. This type | 


of lung structure is unusual because air-sacs are not found in 


other animals, except in a few reptiles. The respiratory syste 
in all birds is much alike. The body form in all is similar 
and therefore does not require adaptations of lung structure as 


do amphibians and reptiles. 
Structure of the lungs 


The lungs are small in comparison to the size of the bird. 


They extend (Williams, 1859) from the second dorsal vertebra as | 


far as the kidneys and laterally to the junction of the vertebml 


ribs with the sternal ribs. They are symmetrical, flattened, I 


and irregularly triangular in shape. They are held firmly | 
between the skeleton on the dorsal side and an almost rigid | 
sheet of connective tissue, the pulmonary diaphragm or aponeuro- 
sis on the ventral side. They are fixed by areolar tissue to 
the ribs and vertebral column and bear a deep imprint of these 


bones. They are capable of very little distension and undergo 
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“near the ventral surface and are covered by only a thin mem- 


| braneous pleura, which when removed, reveals the rough appear- 


light in weight, more fragile than the lungs of mammals, but 


less change in shape than lungs of other groups, especially 
mammals, where the lungs lie free in the thoracic cavity. 

Each lung is a three-sided pyramid with a posterior base, 
and a dorsal, a medial, and a ventral face. The ribs lie in 
deep furrow-like depressions in the dorsal face of the lung. 

The medial face of the pyramid is the smallest, and is in con- 
tact with the mediastinum that separates the two lungs. The 
ventral face is more irregular than the other two. Its anterior 
part is convex and posterior part concave. Both parts, especial 
ly the anterior, have a rough appearance and are marked with 


deep furrows, due to the bronchial branches, many of which lie 


-ance of the lung and the openings leading to the air-sacs. 


(Muller, 1907). 


The respiration of birds even when at rest is more active 
than that of mammals. If the lungs were constructed after the 
mammalian type, they would need to be very large, and powerful 
respiratory muscles would be required. This would add to the 


weight of the body. The lungs, therefore, are very porous and 


highlyvascular, being bright red in color, with the blood more 


freely exposed to the air. 


The lung is spongy but has little elasticity (Headley, 


1895). The tissue consists of numerous septa with a complex 
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| to the blood. 


I various investigators with the conclusion by many that the 


| 


| vening but the capillary wall. He also believes that the capil- 


| the parabronchi. The air in the minute air-tubes passes close 


piratory spaces of birds." 


epithelium of birds, though not actually demonstrated, must be 


| present." 


network of interlacing blood capillaries and air capillaries 


| (Goodrich, 1930). The air-cells are hexagonal areas surrounding 


The respiratory epithelium of birds has been studied by 
| | 
capillaries of the finest air-passages are uncovered. This 
belief is held by Rainey (1849) who states that since there is 

no epithelial layer in the individual air-cells aeration takes | 
place without the necessity of either ciliated epithelium or | 


basement membrane, and simply by the action of the inspired air 


upon the blood in the capillaries, with no other membrane inter- 


laries interlace enough to hold them together so air is allowed 
to pass freely between and all around them. 

Concerning these findings, Ogawa (1920) makes the following 
| 


comments: ",,.from histological evidence it seems reasonable to 


conclude that no respiratory epithelium is present in the res- 


Many authors “are of the opinion that the respiratory | 


"If the respiratory spaces of birds were bare, it would be. 


the only case in higher animals in which either an external or 


an internal surface of the body has no coating of epithelium." i 
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| thorax where it divides into two bronchi. Sometimes, however, 


it is greatly elongated to varying degrees by turns or loops 


"The fact that no analogous case has been found in which 


the epithelial coating of a free surface is lacking has led 
Oppel and other authorities to conclude that the lung of the 
bird must have respiratory epithelium in spite of the absence 


of actual confirmation." 


Air-tubes 


The trachea is generally a straight tube passing into the 


similar to those found in crocodiles and turtles. 
The trachea is composed throughout of rings which are 


cartilaginous or may be wholly or partially ossified. The rings | 


are generally simple and alike, incomplete, or complete except | 
at the bifurcation of the trachea where they are modified in ! 
connection with the formation of the syrinx. (Beddard, 1898). 


Each bronchus enters the mid-ventral surface of the lung 


(Fig. 57) and immediately expands into a vestibule. It then 


| narrows and continues as a main trunk, the mesobronchus, along © 


the ventral side of the lung and ends in the abdominal air-sac. 


Within the lung, the mesobronchus retains its cartilaginous 
character for some distance although rings are notpresent in 


its walls (Muller, 1907). | 


In contrast to mammals where the bronchial tubes pass 


directly to the central part of the lung before sending branches 
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neighboring bronchi and of the recurrent bronchi. (Goodrich, 1930. 


etc. Fig. 81 (Miller, 1893). 


_arule, "...a group of small secondary openings leading back 


|a right angle. They are often arranged in one or two rows, or 


spirally (Muller, 1907). They often anastomose with those of i 
| 


follows: Each of the air-sacs, except the cervical, has, as 


to the periphery, in birds they pass toward the periphery first 
and then send branches toward the center (Ross, 1898). : 
The mesobronchus gives off secondary bronchi (Fig. 57). 
As a rule (Goodrich, 1930), there are four large secondary vent-_ 
ral bronchi, called entobronchi, which supply air to the lung; 


eight secondary dorsal bronchi, called ectobronchi, which supply 
air to the air-sacs; six laterobronchi and a number of dorso- 
bronchi, The entobronchi and ectobronchi give off tertiary 
bronchi called parabronchi that are so numerous that the orifices 
leading to them give the entobronchi and ectobronchi a sieve- 
like appearance (Muller, 1907). The parabronchi correspond to 
the bronchioles of mammals. They bear a number of elongated 


diverticula, radially arranged (Fig. 58). The angles at which | 


the parabronchi leave the secondary bronchi are always close to 


| 


Some parabronchi send blind tubes into the interior of the | 
lung which meet but do not communicate with those from the op- | 
posite side. At points where two or more parabronchi meet there 


are large openings which communicate with the air-sacs, bones, 


The recurrent bronchi are explained by Goodrich (1930) as | 
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from the sac into recurrent bronchi which penetrate and branch 
in the substance of the lung; and it is by means of these that 


relatively pure air received directly from the primary bronchus 


is returned to the lung from the sac, ensuring a thorough 
ventilation of the parenchyma. ...The mechanics regulating the 


flow of air from the sac back to the lung through the recurrent 


openings and not through the ostia has not yet been satisfacto- _ 


rily elucidated." 
Air-sacs 


The air-sacs may be described as the blown-out extremities | 
of cértain bronchial tubes. The number varies slightly as do 


the names given them by different authors. The list taken from | 
1. Cervical air-sacs. Paired. Extending along the neck. 
2. Interclavicular air-sacs. Usually fused to form a 
median sac ventral to the esophagus in the pectoral 
region. 
3. Anterior intermediate air-sacs. Paired. 1 


4. Posterior intermediate air-sacs. Paired. The two 


pairs of intermediate air-sacs are located below the 
ribs and anterior to the post-hepatic septum. 
5, Abdominal air-sacs. Paired. Found in all birds except 


| 
Apteryx. This is the only pair in the abdominal cavity, 
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_break up into at least five, and the two subbronchial (inter- | 


| three instead of two pairs of intermediate air-sacs. In 

_Accipitres the abdominal air-sacs are peculiar in that one of 
_the walls of the sacs is firmly attached to the ventral parietes. 
| ana the walls of the two sacs enclose between them the intes- 
| tines which give the appearance of being end osed in a special 
| compartment of the coelom. In one or two Accipitres there are 


three intermediate air-sacs. 

Ciconia, Ardea (Goodrich, 1930). 
| whose air-sacs are confined to the thoracic cavity (Figs. 59 & 
| 60). Owen (1841) mentions but four air-sacs on each side, an 


| anterior and three inferior sacs. Huxley (1882) considers this 


an error and names five; a praebronchial (cervical), a sub- 


called the abdominal by some authors (Beddard, 18983; Wiedershein, 


An additional pair, the axillary air-sacs, is given off 
from the cervical air-sacs. 


A few examples from Beddard (1898) will serve to show the 


variation in sir-sacs. In storks the praebronchial (cervical) 


Clavicular) completely fuse into one. In Chauna there is even 


greater division of the praebronchials. In Podargus there are 


The interclavicular air-sacs do not fuse in Vultures, 


Apteryx, the New Zealand flightless bird, is the only bird 


bronchial (interclavicular), an anterior-intermediate, a poster- 


for intermediate, and a posterior. The latter pair which is 


1897) is small in apteryx and completely enclosed by the oblique 
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septum so does not extend into the abdominal cavity among the 


viscera (Wiedersheim, 1897). The air-sacs are much reduced and 


do not send extensions into the bones (Walter, 1928). 


| 
| Air-sacs communicate with the lungs by five orifices on the. 


|ventral surface of each lung. There is one orifice to each sac, 
except the unpaired sac which has two, one from each lung | 


(Ross, 1898). 


| 
| 
i 
Authorities vary on the question whether or not the air-sacs 
|! 


_commnicate with each other. Headley (1893) states that if the 


| | 
trachea of a dead bird is tied, and air blown through a break in| 


(the humerus all the air-sacs will expand as completely as though | 


i 
air were blown into the trachea. This would indicate that they 
do connect with one another. 

|} 
Each air-sac consists of a main sac from which numerous 


Giverticula arise. The latter possess many secondary diverti- 


eula (Muller, 1907). | 
| In addition to the regular air-sacs other spaces of a dif- 
: ferent nature occur, such as the tracheal labyrinths of ducks | 
| and emus (Gadow, 1890) and the pneumatic cavities of the bones | 
of the head. The skull is aerated by a set of spaces which are | 
not connected with the breathing system, but with the Eustachian 
tubes and the nasal chambers (Beddard, 1898). 

The tracheal labyrinth in the emu is a peculiar structure | 
closely resembling the tracheal lung of the type found in the 
| snake Ophiophagus, except in the emu it is present on the 


ventral side. There is a slit on the trachea where the rings 


82 


e 


7 gia 


8 ; a fe T 


| bos heovbet dot ets eone-the ed? »(VO8L ated 
(890L ,1edLaW) eonod edt otnt eno. be 

ent? no eotttzo evil yo egal ed die ednotnmm i ba 
(«ose done of esitine eso st eed? woul ‘oie cs : eae maid | 
yrnart ifose mox't ono ,owd eed doldw ose bea taqatt edd dqooxe ; 

 (Be8L eaten 


sose-tha edd ton to tedteniw moldessp edd mo YtAV pots trodduA 
and ti stadt setate (608L) velbaeH .tedto fore dtiw otaotasmmos | 
ot tsenxd « odyvoidt aweld ‘the bene ~beld et Said basb » to sortontd h 
| Mawosts es ¢Yfedeigqnos es Boeqxe Iftw eose-tin ont {Lo emromiurt ort 
| vend? tedt etastbnat biivow efAT »sedoatt edt odst nwold eT8W ats 
tendons eno dtiw dsennoo ob | ! 

evotemen dothw mort ons otem & To ute2enos oae-tha dost ! 
~Edvevth yarhroose Yam éeeeuog xedteal ext? -calta alwotsrevt i 

| «(708s te Litt) sito, 

-%ib gs to seosqe tento sose-tle talsget ectd ot ‘Hots thbe ar . | 
extoub to attntaydel Leedorst etd ee dove .uDo0 enudan tide’ | | 
rotiod ot to eettives otvamenq edt Bae (O88L cvobad) esme brs 
eza doldw eeosge to Jee a yd betates et ffinte | eat sbser edt To 
iad ate sid ditw sud emeta ye gatdtserd edt id Be polio sort 
-(888I ,Brabbed) stedimarte ral if neo 

erutouite tatlnoog e et sme old fi dgabeydel | Res ie r | 
| 


end nit havet egy edt to gaul L2edonut ould 
uit tie trenetq ef 3t nme odd mt sane 
eanis edt exec aertoart odd 10 atte» i ents: 


aie A A el ee et” eee wes 7 
omen SS oan anal dae ai ceearii esi fiprarnom mae oreearateons erate fieaintags lesamnseneer tenet aie a nation ees 


Pies. aes 
a?) ay > Al ne ge 
Pa) 4 sp ade ele we 


| | 


do not meet in the mid-line. It leads into a thin-walled 
| outgrowth of the lining of the trachea and is divided into two | 
“by a septum. However, there is no evidence of any connection 
i 


between this tracheal pouch and the lung. | 


Structure of the air-sacs 


| The air-sacs are formed by a dilation of the mcous mem- | 
| | 


‘brane of certain bronchial tubes. They are thin-walled non- 


“vascular sacs that become pressed against each other and against | 
“the ventral surface of the lung, and the oblique septum. They 
are permanently distended with air toa greater or less extent 


| (Goodrich, 1930). Ross (1898) did experiments on chickens to 


| study air-sacs and found them to be transparent membranes 


_with more or less fibrous connective tissue basement, When 


| 
} 


“inflated they are easily destroyed. The following points are 
| 


} 
| 
brought out by Ross in regard to the structure of the epithelium, 
} {| 
(1) The epithelium is pavement in any portion of the air-sacs 


‘not attached to the walls of the body. (2) The epithelium near | 


“the bronchial tubes is columnar, and gradually changes to pave- | 


{ 
| 


‘ment epithelium. (3) In a two or three day old chick the cells | 


are pentangular with round nuclei (Fig. 63). If examined while 
fresh they appear granular with cilia in motion. (4) Where the 
sacs are attached to the surrounding tissue the epithelium varies 
greatly, showing pavement, cuboidal, and columnar cells, all in 


the same section (Figs. 64, 65, 66). Cilia are present near the, 
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connection of the sacs with the lungs, and also over the entire | 


I) 
{| | 


‘surface of the sacs. Fresh tissue from any part of the sacs 
| 
exhibit rapidly moving cilia. No cilia were found in the axillary 
‘air-sacs (Fig. 62, Ax ), in the abdominal air-sacs around the | 


| 
head of the femur (Fig 62, ABD), or in the cavities of the bones. 
| 
Functions of the air-sacs 


Following is a list of the functions attributed to 
air-sacs by the numerous investigators who have studied them. 


| 1. Although they aid in respiration in many ways they | 


themselves do not have respiratory functions because their walls) 
‘are not vascular, but supplied only sparsely with blood 
(Kingsley, 1912). 


2. Their most important work is to aid in inspiration and 


expiration, (Droisier, 1866; Headley, 1893; Wiedersheim, 1897; 
‘Kingsley, 1912; Walter, 1928; Goodrich, 1930). Headley (1893) | 


measured the cubic content of the lungs and air-sacs of a 
lpi geen and found the capacity of the air-sacs to be five times 
greater (and probably more) than the capacity of the lungs. 
This extra amount of air would be of use in breathing. When a 
bird exhales, comparatively fresh air from the sacs is driven 
into the lungs, so that exhaling as well as inhaling renews the 
supply of oxygen. In inhaling, the body cavity is expanded, a 
vacuum created in the sacs, and air rushes into them. 

Rainey (1849) estimated the size of the air-spaces between 
the capillaries to be 1/9600 of an inch. Consequently, the 
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is regulated mainly by the lungs and their extensions. Increasing 


_Yrature down. The expired air is about the same temperature as 


| abdominal sacs would be most active (Goodrich, 1930(. Thus, | 


Se ll 


oxygen in them is soon used, and the supply renewed by the con- | 
| 


tinuous air supply that passes from one air-sac to another. 


Again, during movement of the body, the air-sacs alternately 


| 
i 


expand and contract causing air to pass continually through the 


| 
lung tissue. During flight, the interclavicular and anterior | 


} 


intermediate sacs would be most influenced by the muscles of the 


wings; at rest or walking the posterior intermediate and the | 


1] 


during flight the thoracic framework remains rigid as an attach- 
ment for muscles and at the same time air passes over the respi- 
ratory surface of the lungs to and from the air-sacs. | 


3. The body temperature varies from 100°F. to 112°F. It 


| 
the rate of breathing is the chief means of keeping the tempe- 1 
| 


the body and the greater the amount of air breathed in and out 


in a given time, the more the body will be cooled (Headley, 


1893). 


The air-sacs are filled with warm moist air which helps to. 
maintain the body temperature. In the absence of sweat glands, | 
the skin of the bird is of little service in regulating body 


temperature. Since the air-sacs are located toward the outer 


surface of the body, they aid in heat regulation (Wiedersheim, 


1897; Walter, 1928; Goodrich, 1930; Adams, 1933). 


ag rae | 


Ra's 
edt dgsoutd yllevnttaoe aeaag ‘ae ate pelhanee Poartnoe ‘be 


 totaedas bas agfuotvatotedat edd eteig hf? ati soneatd ‘gant 
ests to aefoenm ont vd bodes Pte diem od Bivow ese otatbeatetat 
| ont bra otabhouredat totisdaog edt gatilaw xo deen ta yagatw 
| ent. }080L ,ffobatood) ovidos dom ed bivow 2008 Kadtmobda 
rome as en bilgi: entemet ierowomet? otostond ert defy BE sotusb 
-tqeet eld revo sencaq tts ents ous e ord ta baa aefoeunt “0% Jnem 
| -nosa~tle edd mort Bae of agewl eft 10 sos tise rode 
| $f .8°SEl ot .8°O0L mort settav etuteteqmes ybod sit .6 

anhesevont eenokenetxe tledt bas epmut edt yd Cintem bet aLugen at 


Shu 


. 
| 
| 
| 


| 


-equet sit aniqesd to sasem tetdo edd ek aitiddaend to edet oct — 


es suudsveqsted emse oft toda at Dad} sais ai ant sntwob austen 
Siro bee at hodtsead ste to dasome oid notaony eds baa bor edt 
eYelbeeH) belooo ed Lftw eis ait etont oat som novia ry ont 
(886! 

| ot aqfendt doidw tle tatom miaw Soew. belltt eta eose-ate oat 
(2boelg taowe to sonsada oad al voruurteregnd ‘ubod add “atodatas 
vbod sottaluset al volytec oivdtt to nt band ort to abe ‘ous 
aeiso odd, Srawot bodacol ota acaaoaka, oalt sont’. on | 
Ree IORy a7) noktalsgot tasd at bis yous ca 2 Fy 
(68CL ameba 1OSer ‘eto abaa 8 ted. 


= es 
——— 


aa 


SSS 


Se rs 


— = — Se a ae ic SSS a — 


ee a == a = <= ao 


4. The arrangement of the air-sacs is such that a proper | 


center of gravity is established for balanced flight, thus | 


easily maintaining the equilibrium of the body (Kingsley, 1912; | 


‘Walter, 1928). 


Air-sacs, when inflated lessen the specific gravity | 


materially. Without them it would require more muscular effort 


to sustain the body in air for considerable periods of time. 


Possibly their distended condition mechanically aids in maintain- 
ing the wings in an extended position during soaring or gliding 1 


‘to earth, 

Long ago it was thought that air-sacs serve as aerostatic 
lorgans but Campana (Goodrich, 1930) proved that their lifting | 
‘power is negligible. They may lower the specific gravity ofa _ 


‘bird's body by 4% at the most. 
] 


In floating and diving birds, however, the air-cavities act | 


as hydrostatic organs 
| 5. The air-sacs enlarge the anterior part of the thoracic 
cavity, especially the part surrounded by the pectoral arch. 

A larger development of the skeleton can take place, giving an 
increase of surface for muscular attachment without much 
increase in weight (Wiedersheim, 1897). 

6. The extensions of the air-sacs between the muscles 
lessen friction (Wiedersheim, 1897; Walter, 1928). 
7. In singing birds they serve as reservoirs for air 


(Goodrich, 1930). During flight they also serve as reservoirs 


(Walter, 1928). 
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Extensions of air-sacs 


In many cases, extensions from the air-sacs find their way 


| into the bones as the marrow is absorbed (Headley, 1893). The 


pelvis, humerus, coracoid, sternum, and ribs are most frequently 


| pneumatic, and the femur, furcula, and scapula less frequently 
| (Kingsley, 1912). Extensions are found among the skin tata 
| 1911), and muscles, especially in good fliers and aquatic i) 
(Goodrich, 1930). They supplant the connective and fatty tissu 
“beneath the skin in pelicans (Walter, 1928). They may extend 
even into the feathers (Headley, 1895). 

| The fact that bones of birds often contain air instead of 


marrow is said (Goodrich, 1950) to have been first mentioned by 


Emperor Frederick II in a treatise on the chase in the thirteenth 
century. Various functions are attributed to pneumaticity of 
‘bones, but this condition is not directly connected with 
respiration. 
Diaphragms 
| Birds possess numerous septa, two of which, at least, are 


| commonly termed diaphragms, although in structure they are very 


different from the diaphragms ofmammals. 
The ventral surface of each lung is closely covered by a 
thin fibrous membrane, the pulmonary diaphragm or pulmonary 


-aponeurosis. It separates the air-sacs from the lungs. It has 


inserted into it a number of bands of muscle, which arise in | 
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motion of those parts necessitates a change in shape and size of, 


respiration (Muller, 1907). The walls of these diaphragms 


Closely resemble the air-sacs but are of heavier texture and 


the vertebral ribs and are supplied by the intercostal nerves. 
Being connected to the pleura, the pulmonary diaphragm assists 
in expansion of the lungs during inspiration by the aid of these! 
pulmonary muscles. 

When the body cavity is opened from the ventral side, the | 
viscera of the thorax and abdomen are seen to occupy the medial | 
plane. A tightly stretched sheet of fibrous tissue on each 


side, the oblique septum, holds them in place and separates them 


from the air-sacs. The oblique septum has nothing to do with 


mammals impossible (Muller, 1907). 


less transparent (Ross, 1898). | 


Mechanics of respiration 


The open communication between the cavities of the lungs 


and air-sacs makes diaphragmatic breathing as it occurs in 


Birds have a sternum and sternal ribs and vertebrae and 


vertebral ribs completing the circuit of the chest (Sibson, 


1346). The lungs are attached to the ribs and vertebrae so any 


lungs (Kingsley, 1912). 


"The muscular mechanism by which a resting bird causes air 
to enter the lungs, involves elevation and depression of the | 
breastbone through the activity of the intercostal muscles. It | 


is necessary, however, for the breastbone to remain firm during | 


ks it 
ehret cot me a Siig ian Pacman! 21) 


it 
} 


! 


pa) ew 


co mt bi eee 


e 


Nie 


-covien fedeooteént edt ws be 
edetees metigelb eal | 


| Latheu ent yawsoo0 ot nooe uk aanints bra. per pe 7 
dogs no overt? evotdtt Yo teode bedoterts eLdeigtd AD sonmt . 


—: 


‘mac eodateqen ban eoaly at mont eblod mutase euptio att obte 


dtiw ob o¢ gatdtom cad mrtgon exspiido ent se0ne~ths ent iui 
emysridqalh eaent to eliew ect? + (900L < rel Lim) notdantqaes: 
Ana otudxet aetveod to ste tad eoae-tla efd eldmocct yesolo | 
3 (@@8L exo) tnounqnnett esol 


rottertqaet to ebtnartvell oa 


/ ayant efit’ to eettives ord mmowded mot | 
at axvooo th e& gatddaedd obtonsansiget wssian sone Sian 
» (WOeL «rel List) aldtesogst efiminent 
hie eetdodrvev hoe ad ia famrete bre munede a evar ebyté 
oekdhe) teado edd to dtuerte eal? ganiteLqmoo edit Tedosrov 


yas on exadedtey bra ed ts eit o8 pertoat te ete pads baal « (OBBL | 
yi r wie 


0 eshte bas eqate at opcrato « ise cs edt 
ni tae eb goiter « ote metro a 


4% nelozsm Leteootetnt oft 20 ystvtdon arid 
| ghibiob: mc? abamen of onodeesnt om t 108 


- OF ae eo Be 
a eee ae 


ett to cotesetgeb’ bre soitavels sasha 


| 
i" 


weet ere 2 


ela ee ee ee wats ns 


89 


the intercostal respiratory muscles are held in tension and are 


i 


{ 


fore, an internal reservoir of air is indispensible, while the 


| 


“sacs as bellows, also control respiratory movements during 
flight. The more rapid the flight, the greater the automatic 
(supply of air drawn through the lungs to and from the air-sacs. 
| 


(Violent action in mammals interferes with respiration but in 


‘birds it increases it. That is why fast-flying birds do not 


| 


flight to insure anchorage of the powerful flying muscles, while 


for the time being, not pumping fresh air into the lungs. There- 


(flying muscles which ventilate the lungs by acting upon the air-| 


i! 


| ‘get out of breath' or probably suffer from mountain sickness in. 


\the air of high altitudes, because the necessarily increased wing 


| { 


_ strokes bring in a compensatory supply of rarified air." 
(Walter, 1928). 


}} 
| 
|} 


| 4n birds which lead him to the following conclusions. 
| 1. That the muscle movements necessary to flight bring 
aout, to a great extent, the enlargement and contraction of 
l the thoracic cavity. 

2. "The latissimus dorsi which arises from the vertebrae 
| and efter passing over the scapula, is inserted in the humerus 
the bird's body into the position which is required for hori- 
| gontal flight. Not only is the backbone raised and brought to, 
| or nearly to, the horizontal but at the same time the ribs are 


straightened at the junction of their costal and sternal por- 


Headley, (1893) has investigated the mechanics of respiration 


paises the backbone during the downstroke of the wing, bringing | 
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tions, and this causes an expansion of the air-sacs." 
5. The muscles which pass downwards to the ribs from the | 
posterior ends of the scapulae help to expand the air-sacs. | 


They also broaden the dorsal part of the thorax. The action of 


these muscles is assisted by the action of the scapulae. 

4. Due to the great strength of the pectoral waged the 
contraction of the latissimus dorsi causes movement of the body 
but not of the wings. All possible work is put on the pectoral 
muscles so that the center of gravity may be low down. 


5. Although the flight muscles help largely in respiration,) 


much work is done by the respiratory muscles. 
ae The levatores costarum arise from the vertebrae, pass 
backward and are attached to the ribs further back. They broade 


the thorax by helping to straighten the ribs. 


b. The triangularis sterni which arises from the in- 
side of the sternum from its anterior lateral end and attaches 


to the sternal ribs, also broadens the thoracic cavity. 


ec. The external intercostals pass obliquely backward 
and downward between two ribs. When they contract they lower th 
anterior rib and raise the posterior (Fig. 67). They do not, 
as in man, raise the sternum because it is rendered almost im- 
movable by the weight of the pectoral muscles, the weight of the 


body hanging upon the wings during flight, and the pressure of 


the wings inward upon the coracoid bones and the clavicals. 


d. The action of the internal intercostals is so weak 


that they cannot be of importance in respiration. 


TRACHEA 


TRACHEAL MUSCLE 


SY RVNx 


F PULMONARY ARTERY 
RiGHT BRONCHUS _ 


PULMONARY VEIN 


| Pig. 55.—Lungs and trachea of Gallus domesticus, common 
chick. (From Adams. ) 


Fig. 56.—Right lung of goose, ventral view. A, bronchus; 
iB, extremities of bronchial tubes; C, orifices of air- cells of 
lungs. (From Owen.) 
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Fig. 57.—-Diagrams of (A) dorsal and (B) ventral view of lung 


Z ht 


of hen. 


A, point of connection of mesobronchus with abdominal air-sac. 
AI, region of recurrent bronchi from anterior intermediate sac. 
AI , connection of anterior intermediate sac with bronchus. 
BR, bronchus. 
6, attachment of cervical sac. 
D, roots of dorsibronchi. 
EC, ectobronchi, | 
EN, entobronchi. | 
L, laterobronchi. | 
LM, M, connection of lateral and mesial moieties of inter- 
clavicular sac. 
P, connection of posterior intermediate sac. 
R, retrobronchi from air-sacs. 
mesobronchus. 


MB; 
(From Kingsley.) 
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Fig. 59.—Ventral view of 
lungs of Apteryx australis. 
A, anterior or short pulmonic 
bronchial tubes; B, posterior 
or long pulmonic bronchial 
tube; C, bronchial tube of 
the air-sacs. (From Owen.) 


STERNO—TRACHEALIS MUSCLE 


Fig. 60.—Section of right lung 
and air-sacs of Apteryx australis. 
Bristles are seen passing from the 
external branch of bronchus to the 
three anterior air-sacs. (From Owen.) 
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j 
) Fig. 61.—Ventral view of lungs and air-sacs of 12-day 
chick embryo. 


AN, anterior intermediate sac 


A, abdominal sac 


C; cervical sac 
| L; lateral moiety of interclavicular sac 
_ LW, lung 
| M, mesial moiety of interclavicular sac 
OE, oesophagus 
lee posteriorsac 


T 3 trachea 


(From Kingsley.) 
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| Fig. 62.—Diagram to illustrate the relative size, relation, 
and connection of the lungs and air-sacs in birds. Purely 

diagrammatic. (From Ross.) 

| Explanation on the following page. 
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i Explanation for Fig. 62 


» orifice from lungs 


! orifice from lungs 
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orifice from lungs 
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» orifice from lungs 
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A 
'B 
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» orifice from lungs 


“ABD, abdominal S&C. 


| 
| 


|T, thoracic sac. 


| CER,cervical sac. 
t 


to 
to 
to 
to 


to 


abdominal sacse 


posterior intermediate sacs, 


thoracic sacse 


cervical sacs. 


anterior intermediate sacs. 
ANT I, anterior intermediate sac. 


| AX, axillary prolongation of thoracic sac. 


Hy prolongation of axillary sac to the cavity of the humerus. 


| POST. I, posterior intermediate sac. 


L, lungs. 

| TR, trachea. 

|M, mesobronchium. 
F, ectobronchia. 
| G, entobronchia. 


 FUR,furcula. 
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| Fig. 63.—Surface view of pavement epithelium of the air- 
sacs, showing cilia and round nuclei in pentangular granular 
cells. (From Ross.) 
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|| Fige 64__Transection of muscle surrounded by the thoracic 
sac, showing ciliated columnar epithelium (COL), with basement 
membrane of fibrous connective tissue (BM). The muscle is not 
drawn in this figure. (From Ross.) 


> try me ey ¢ fit 
Ay 
£\.2 ) bial | MS } 
‘ jt) rt r Tr , 
, EL Ct Pres * © A 
“ fi efis fo TRO 
‘ ; 2 
* < , ry ey td 
: oP; cy | ; 
,- : 4 


wei ytd 
CVG QUO? Be Ve 
> i 
nes Crd 


BM === 


Mt 
I 


| 


| Fig. 65.—Same section as Fig. 64. Muscle not drawn, 
Ciliated cuboidal epithelium (CUB), with basement membrane (BM). 
(From Ross.) 


Fig. 66.—Same section as Fig. 64. M, transection of striated 
muscle; BM, basement membrane; P, pavement epithelium.(From Ross) 
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MAMMALIA 


Shape, location, and membranes of lungs 


In shape, the mammalian lungs conform to the shape of the | 


1 
‘thoracic cavity and the organs in it. The outer surface of each 


lung which is in contact with the sides of the thoracic wall 


‘fs convex. The base is concave because it rests on convex upper 


surface of the diaphragm. The medium surface is concave where | 


i the lung fits around the heart, 
| The lungs are confined to the thoracic cavity which is 


| | 
| | 
| completely separated from the peritoneal cavity by the diaphragm» 
| 


which is transverse in position except in whales where it is 


oblique (Kingsley, 1912). Mammals are the only animals that 


have a true diaphragm. 
| A pleural membrane derived from the peritoneum encloses the | 
lungs. It is,double membrane forming a closed sac (Figs. 68 | 
& 69). The inner layer, called the visceral pleura, covers the | 
‘lungs. The outer layer, called the parietal pleura, lines the | 
Itnoracte or pleural wall. The space between the two layers is 

called the pleural space, and is filled with a serous fluid | 
‘that prevents friction. Toward the mid-line the pleurae form 


! 
‘a septum between the right and left halves of the thoracic cavity. 


‘This septum is called the mediastinum, 
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SPINAL CoRD 


CENTRUM OF THORACIC VERTEBRA 


LEFT PLEURAL sac __ RIGHT PLEURAL sAc 


DORSAL ABRTA 


ESorPHAG US —~AZYGo0vsS VEIN 


LEFT LUNG RIGHT LUNG 


POST CAVAL CLOSE To ITS ENTRANCE 


; INTO RIGHT BURICLE 
a x | a R'GHT VENTRICLE 


VENTRAL MEDIASTINUM 
STERNUM 


Fig. 68.—Diagram of transverse section of the thorax of the 
wood rabbit, Lepus cuniculus, drawn in the region of the 
ventricles to show the relation of pleurae, mediastinum, etc. 
Ventral view. The lungs are contracted. (From Parker & Haswell.) 


Fig. 69,—_Human lungs in thoracic cavity. A, air expired by 
raised diaphragm and contracted ribs; B, air inspired by 
lowered diaphragm and relaxed ribs; BW, body wall; DI,diaphragm; 
L, lung; M, mediastinum; PP, parietal pleura; VP, visceral 
pleura. (From Walter.) 
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of the pharynx (Fig. 70). This divides into two sacs, each 
_Yrepresenting a future lung. As development continues, a tube 


|called a primary bronchus connects each lung to the trachea | 


| opening called the glottis. 


| Perissodactyl Ungulata. Monotremata are transitional because 


| Young and Robinson (1888) who say, "It is probable that the 


Development 


In development, a single sac appears on the ventral side 


which usually has the anterior end modified into a larynx or 


voice box. This in turn connects with the pharynx by way of an 


Division into lobes 


Usually the lungs are divided into lobes. When asymmetry 
occurs, and it usually does, there are more lobes on the right 
than on the left side. 

The following groups (Walter, 1928) show no division into 


lobes: Cetacea, Sirenia, Proboscidea, Hyracoidea, and most 


lobes are present in only the right lung. 


Conflicting statements appear as to the number of lobes in 


{ 


the lung of a specific animal. This is logically explained by 


number of lobes is liable to variation or that there is a dif- | 


ference of opinion as to exactly what constitutes a lobe." 
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| has one. | 


right lung has two notches on the ventral border and the left 


| maculata) Watson & Young (1897) found six lobes in the right 


Examples and illustrations of lobulation 


In the Kangaroo (Parsons, 1896) the right lung is much | 


larger than the left and has a well marked azygous lobe. The 


The cat (Reighard & Jennings, 1950) has four lobes in the | 


right lung and three in the left lung (Pig. 71). In the cat, 


the lobes are not divided into lobules (Water, 1860). 


In the spotted hyena, Hyaena crocuta, (also called Hyaena 


lung and three in the left lung (Fig. 72). In the right lung, 
the sixth is the azygous lobe. Hyaena crocuta differs from bot 
the other species of hyena, where the right lung possesses four 
lobes and the left three. Watson (1881) in the examination of 
another specimen of Hyaena crocuta found five lobes on the righ 
and three on the left. 


More variation is noted in the striped hyena, Hyaena vahaaal 


The specimen examined by Young & Robinson (1888) showed three 


lobes on the right and one on the left. These authors quote | 
Meckel as finding four lobes on the right and three on the left, 


and Daubenton four on the right and two on the left. | 


In Proteles (Flower, 1869) the lungs are deeply divided 


into distinct lobes, four on the right, three on the left. On 


1 
| 


the right, the fourth lobe is the azygous lobe. 
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and one on the left (Fig. 73). Martin & Moele (1884) give for | 


In the ferret-badger, Helictis personata, (Beddard, 1905) 


The white rat (Adams, 1933) shows four lobes on the right | 


the common brown rat, three on the right and two on the left. 


in shape. The right lung has four lobes, the fourth being the 


-azygous lobe. The left has three main lobes. 


lung and two in the left (Fig. 75). The uppermost odd lobe on 


| the large aortic arch. 


eal. Huntington (1920) says "... pulmonary asymmetry is 


whose bronchial trees are recorded." 


James Murie (1874) describes the lungs of the sea lion 
(hair seal), Otario jubata. ‘When inflated they are usually long 


He also describes the lungs of the walrus, Trichechus 
rosmarus, Linn (Fig. 74).. They, too, are very elongate, with 


notched anterior margins. 


In man (Walter, 1928) there are three lobes in the right 


the right lies behind the right pulmonary artery while the 


absence of a corresponding lobe on the left side allows room for 


The bronchial tree 


The bronchial tree in the majority of mammals is asymmetri- 


encountered in at least 95% of the mammalian genera and species. 


the lungs consist of four lobes on the right, and two on the left. 


The bronchi are called eparterial if they lie above 


the pulmonary artery and hyparterial if they lie below it (Fig.76). 
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either side. Usually the left one disappears, leaving only the 


The pulmonary artery crosses the main bronchus formed by the 


bifurcation of the trachea, and this point divides the lateral | 


| consist of a double row of lateral bronchi. The eparterial, 


though, may consist of a single external lateral bronchus on 


| Equus, Auchenia, Elephas, Phocaena, Delphinus, Cebus) and Hystrix 


| possess lungs of very abnormal structure. 


| Delphinus, its origin is bronchial on the left and tracheal on 


bronchi into eparterial and hyparterial. 


The hyparterial bronchi are always well developed and 


i] 


| 


right, which also may disappear. Usually, the eparterial bronchus 


i 
occurs on the right side. The known exceptions (Goodrich,19350) — 


are the genera in which it occurs on both sides (Bradypus,Phoca, 


and Taxidea in which it does not occur at all. The latter 


The eparterial, whether developed on one or both sides, 
may arise from the trachea instead of from the main bronchus 
(Wiedersheim, 1897). In the Artiodactyle Ungulates and the 


Cetacea, it may arise from the trachea. In Auchenia and 


the right (Goodrich, 1930). 
The blood vessels show the relationship between the lobes 


of the lungs. Since the anterior lobe of the right lung belongs 
to the eparterial bronchus, it is the right middle lobe that | 


corresponds to the anterior lobe on the left side,in man. 
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Types of branching in the bronchial tree 


i The two most common types of branching are the monopodial, 


_in which lateral branches are given off from a main axis that 


_ extends through the structure, and dichotomous, in which the 
“main axis divides repeatedly into two branches. A few state- 
terns from Miller (1913) show the variations in conclusions 
‘about the type of branching. From the study of the cat, he 
concluded that the main series of branches were monopodial. 


He lists other opinions on the cat and other animals as follows; 


1} 
/Aeby (on the cat) monopodial; Ewart, and Huntington (on the cat) 


| dt ehoteneus but uneven dichotomy; Muller (on the whale) 

|“ monopodial; His (on man) a mixed type, the first divisions 
l eetag monopodial but producing new bronchi by dichotomous 
division. 


Epithelium in the alveolar wall 


} Although the presence of epithelium in the alveolar wall was 


| 


| once a much debated subject, most authorities now agree it is 


| i 
| present. | 


| Shea (1936) gives evidence in favor of the existence of 
| epithelium as aresult of his studies of the alveolar wall of | 


| the rat, guinea pig, and rabbit. He claims "positive evidence 
| 


| in favor of the view that 
} (1) flattened epithelial cells... exist in considerable 


numbers in the lung; 
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(2) these flattened cells possess very thin membranous 
peripheral parts which extend widely from the relatively 


thickened nuclear portion and cover the neighboring 


capillaries; 
(3) that it is these cells with their thin expansions that 
collectively constitute the ‘alveolar membrane! which is 
therefore a cellular membrane...; 

(4) that these cells show the probability of a continuous | 
epithelial lining of the lung alveolus; 

(5) that as Snow-Miller has already pointed out, these 
cells can and do separate off from the epithelial sheet 
and form the rounded epithelial cells described by many 


workers," 


The presence of epithelium in man is stated by Waters 
(1860); Dwight (1919); Goodrich (1930); Miller (1937). 
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Fig. 70.—Showing mode of development of mammalian lungs. 
PD, primitive alimentary tube; S,5S', lung~sacs, at first 
unpaired; T, trachea; B, bronchus. (From Wiedershein. ) 


Fig. 71.—Ramifications of the bronchi, with outlines of the 


lobes of the lungs of the cat, ventral view. A, trachea; 


B, eparterial bronchus; 1 to 4, lobes of right lung; 1' to 3!, 


lobes of left lung. (From Reighard and Jennings.) 
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Fig. 72.—-Lungs of Hyaena crocuta, distended. Dorsal view. 
R, right lung. Numbers 1 to 6 indicate the separate lobes, | 
number 6 being the azygous lobe. L, left lung. Numbers 1! to 3! 
indicate its lobes. (From Watson and Young.) | 


Pig. 73.—Lungs and trachea of white rat. (From Adams.) 
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Pig. 74. 


Dissected view of the thoracic and renal organs of 
the walrus, Trichechus rosmarus, Linn. The sternal wall with 
cartilages, diaphragm, liver, stomach, and intestines have been 
removed. L, lungs; H, heart; AO, abdominal aorta; K, kidney; 
SPG, right suprarenal gland; VC, vena cava. (From J. Murie.) 
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Fig. 75.—Lobes of human lung. (From Walter.) 
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Pig. 76.—Arrangement of bronchi in mammals, ventral view. 


A,A, eparterial bronchus 


Boe, serics of ventral hyparterial bronchi 


C,C, series of dorsal hyparterial bronchi 


P.A. pulmonary artery 
P.V. pulmonary vein 


(From Wiedersheim.) 
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|! RESPIRATION IN SPECIFIC MAMMALS 


The study of representatives of three different groups of 


_ animals will show the most obvious variations in lung structure 
| | 


| The opossum, a marsupial, illustrates the unusual case 
_where immature young continue their development after birth. 
| Darang the time spent in the mother's pouch, the lungs, as well 


'as other organs complete development. 


of mammals that have adapted themselves to life in and under } 


/ water, although they mst get their oxygen from the air. This 


ability to remain under water, which in most warm blooded 


animals is very limited "appears in several orders of birds; 


| among mammals, besides the aquatic manatees, whales, and seals, 


there are for example, muskrat, beaver, hippopotamus, and otter" 
| (Irving, 1934). 
Man is used as the example of the most typical mammal 


that both lives and breathes on land, | 


Sirenia and Cetacea (Fig. 77), will be discussed as examples 
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OPOSSUM™ 


New born opossums are about 10 mm. long. At birth their 


lungs are composed of a few large air chambers that open almost 


directly into the main bronchus. Air-sacs and alveoli are 


lacking. Respiration has to be carried on in these modified 


bronchi and bronchioles while the infundibular portions of the 


' lungs are developing. Therefore these large air chambers are 


lined with special epithelium for respiration. As development 


| progresses they give off branches and enlarge the bronchial 


| tree. There are bands of muscle fibers running circularly around 


the main bronchus, They may help to contract the lung and force 


| 


the air out during expiration. By the time the opossum has 


reached 14 cm. in length the air-sacs have developed, and from 


them the alveoli are given off. 


“From Bremer (1904) 
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SIRENIA 


Sirenia are large aquatic mammals, popularly called sea- 
| cows. There are two genera; Manatus, found in the Atlantic 
“end in a small section on the east coast of Africa; and Halicore 
| (augong), found in the South Pacific and Indian Oceans. They 
| 4nhabit shallow water, often near the mouths of rivers, which 
| they ascend. 


Parker (1922) studied the breathing habits of the Florida 


! 


manatee, Trichechus latirostris (Harlan), in the Miami Aquarium. 


|The animal remained submerged for hours at a time, except to 


“come to the surface to breathe. Two or three respiratory acts 


“occured, twenty seconds to three minutes apart. The longest 


i 


| time any specimen remained under water was sixteen minutes. 


; Microscopic study of manatee lungs” 


} Terminal bronchioles have a diameter of .6 to .35 mm. at 


“the point where they enter the air-sacs. This is large compared 


to other mammalian bronchioles. They are lined by cuboidal or 
 columar epithelium, which ends at the union of the terminal 


‘bronchiole and its air-sac. This indicates a boundary line 


| 
| 
| 


between the conducting tubes and the respiratory area. In this © 


“case the respiratory area does not extend into the air-tubes. 


The cartilage is highly developed and extends into the walls 


of the smallest bronchioles and their openings into the air-sacs, 


*Prom Wislocki (1935) 
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| Smooth muscle and elastic tissue are found in the bronchioles, 
but there are no myo-elastic sphincters in the terminal bron- 
chioles as in the porpoise. The elastic tissue is mostly in | 
the form of a thin layer of fibers lying between the cartilages | 


and the lumen of the bronchiole. 
The air-sacs are very large, especially in the periphery | 
under the dorsal pleura. These sacs are cylindrical in shape. : 
Their lengths may reach 6 mm and their diameters 1 to 2 mm. 
‘on the ventral surface of the lung, the air-sacs are never 
elongated. In the interior of the lung, they are smaller and 
polygonal in shape. 

| The septa bounding the air-sacs are composed of much 
collagenous material, some smooth muscle, and & small amount 

lof elastic tissue. The air-sacs are subdivided by septal folds, 


I 
‘along whose margins the mscle and elastic tissue intermingles, 


forming dense myo-elastic bundles, which probably help to 


control the size of the sacs. 


| 


| The capillaries which form a double bed in the walls of the > 
-alveoli are separated from each other by collagenous tissue 
| which lies in the center of the septum. 
Wislocki could not with certainty distinguish the presence 
of an epithelial lining in the alveoli, but in some cases 
| observed a Gistinct layer of cells on the surface of the alveolar 
wall. This he believes was epithelium. 

The pleura is very thick, varying from 0.5 to 0.5 mm., 


which is much thicker than in terrestrial animals. It is well 
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‘vascularized. Beginning with the outside, it is composed of the 
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| collagenous tissue; a thick layer of elastic tissue; a vascular 


following layers; a layer of mesothelial cells; a layer of 


\ 


“layer consisting of blood vessels imbedded in a layer of white 


‘fibers and smooth muscle bundles; andinnermost a layer of 


“delicate fibro-elastic tissue containing capillaries. | 
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_eatadon), and the Southern Right Whale (Balaena australis). 


-gome reach a length of 100 feet and weigh as mich as 115 tons. 


| They would equal in length and surpass in weight the extinct 


| 
! 
| CETACEA 
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| Because most Cetacea live in the open ocean, often in water 


of great depths, a study of their habits and anatomy is rendered 
(difficult. Wislocki (1929) studied the porpoise, Tursiops 
truncatus; Wislocki and Belanger (1940) studied a group of 
whales including the Blue Whale (Balaenoptera sibaldii), the 


| | 
Finback (Balaenoptera physalus), and Sperm Whale (Physeter megalo- 


cephalus). The lungs of all three were similar. The whales 
studied by Haynes and Laurie (1937) were the Pinback (Balaenoptera 


-physalus), Humpback (Megaptera nodosa), Sperm Whale (Physeter 


The Blue Whale studied by Laurie (1953), and Wislocki and | 


Belanger (1940) is so-called because it has a bluish caste. It | 


is the largest mammal that ever lived, either on land or sea | 


The specimen examined by Laurie (1933) weighed 63 tons but ! 


dinosaurs (Kellogg, 1940). The lungs of a Blue Whale weigh 


over a ton, so anatomical study is confined to sections (Haynes | 


and Laurie (1937). When cut, the collapsed lung resembles a 


rubber sponge permeated with blood (Haynes and Laurie, 1937). 
Adaptations for breathing in water 


Cetacea are adapted for life in the water in many ways, but 


perhaps the "blowhole" is the most important in breathing. 
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‘These external nasal openings are located on the top of the 


head. Whalebone whales have two, but in all other Cetacea the | 


two are united into one. Since the blowholes are located on Gaal 


‘of the head, the animals can breathe without exposing much of | 
the body above the surface. 

The forward part of the larynx extends as a very long 
appendage into the cavity of the blowhole (Racovitza, 1903). 


‘The tube to the blowholes is usually almost straight, except 


in the Sperm Whale where it runs obliquely forward (Miller and 


'Gidley, 1938). This makes a continuous connection between the 


y 


“blowhole and the lungs. Cetacea swallow their food under water. 


| 


‘The food passes into the esophagus on each side of the closed- 


‘off larynx (Racovitza, 1903), and the water cannot go into the 


1] 


lungs by way of the mouth, When the animal is under water, the 


|“ blowhole is kept closed by an elaborate set of pocket valves 


| (Norman and Fraser, 1938). 


| Before expiration takes place, the blowhole is protruded 


“papidly and spouting does not occur until the blowhole is out 
of the water. The orifice of the blowhole is small and air is 
expelled in a narrow column with force. During inspiration the | 
orifice is wide open and air is taken in suddenly. 
| Additional adaptations are seen "in the whole topography | 
(of the chest, ribs, diaphragm, and neck, as well as in the 
structure of the trachea and lungs themselves" (Wislocki, 1929). 
“The chest is barrel shaped and the diaphragm oblique, thus | 


allowing greater extension of the lungs. The neck is relatively 
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"immobile and the trachea is short. The structural rigidity 


due to the extensive cartilage resists the outside pressure. 


| 


Another adaptation is given by Beddard (1900) regarding 


_the blood vessels. In many parts of the whale's body the 


| blood vessels form networks or "retia mirabilia" produced by ! 
the breaking up of an artery into minute arterioles. The result. 
_is that the flow of blood 1s slowed up at this point and the 


} 
a 


oxygen more fully utilized by the surrounding tissues. These 


| 


networks of blood vessels are located near organs that need | 


| abundant oxygen. 


Inspiration and expiration in the whale” 


After a period of submergence the whale comes to the 
| surface and at once makes a prolonged and forceful expiration 


called a "spout" or "blow". The warm moist air given off 


- condenses if the atmosphere is cold enough. If the air is calm 


_ and the animal is moving slowly, the spout is vertical, but if 


| there is a wind or the animal is moving rapidly the spout is 


' inclined. 


The duration of the spout varies, the larger Cetacea spout- 


ing longer than the smaller ones. Racovitza (1903) gives the | 


following examples; 5 to 6 seconds for the sulphurbottom whale; 
3 or 4 seconds for the humpback; and 2 seconds for the porpoise. 
The noise of the spout varies in intensity with the size of the 


animal, being scarcely audible in the common dolphin and very 


loud in the sulphurbottom, which also holds the highest spout 


_ TeCordan dh RESStitza (1903) ahs ay : 
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| 
Following the spouting, the whale makes a series of shallow 
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| dives, each of which is followed by an expiration and inspiration. 
| ‘The spouting which follows these dives is not so high. The | 
| whales that dive the deepest or stay under water longest take 
_the greatest number of ordinary inspirations before prolonged | 
| submergence. The Sperm Whale has a record of 60 to 70 shallow | 


| dives. It has remained under water an hour and ten to twenty 


| minutes. In this whale, long submergence is important because 


it feeds chiefly on cuttlefish which live at great depths. 
Following the series of shallow dives there is a long deep. 
inspiration after which the whale plunges to the depths for a 


quarter of an hour or more. 
Lung structure in cetacea 
Cartilage 


In the bronchial tree of the Cetacea, there is a complex 


cartilaginous development which allows a high degree of compress- 


l| 


ibility caused by the increased outside pressure. | 


In the porpoise, the cartilages of the trachea and bronchi 
are circular and closed. There is no membranous part. The 


rings are not completely separate, but fuse with each other at 1 


irregular intervals, producing a lattice work. In the bron- 


chioles bearing sphincters, the cartilaginous bands tend to 
alternate in position with the sphincters. The cartilage 
extends down to the last sphincter that opens into the air-sac.. 


(Wislocki, 1929). | 
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is the same as in the porpoise (Wislocki & Belanger, 1940). 


Respiratory division of bronchial tree 


| In the porpoise, the first muscular sphincter marks the 


ty 


and the respiratory division begins. The first sphincter is 


followed at short intervals by a series of similar sphincters 
6 to 18 according to the length of the bronchiole. These 


sphincters occur up to the point where the bronchioles, now 


| 
(0.2 mm. in diameter, enter the air-sacs. In other words, the 
| 


| last sphincter marks the entrance to the air-sacs. (Wislocki, 


| 
(1929). 


extension of the respiratory surface into the bronchioles 
} 


the bronchioles bear only scattered alveoli on their walls. 


| (Wislocki, 1929). 
; In whales, there are no traces of muscular sphincters in 


i| 


the terminal bronchioles (Wislocki and Belanger, 1940). 
Air-sacs 


In the porpoise, when the air-sacs are distended, they 


appear polygonal, oval, or elongate in shape. The air-~-cells 


+— = 


In the whale, the extent and arrangement of the cartilage 


‘point where the conducting division of the bronchial tree ends 


| Beginning with the first sphincter the epithelium changes 
from the high colunmmar type of the conducting bronchioles to a 


| flattened respiratory type in the respiratory bronchioles. This 


| increases the respiratory area more than in other mammals where 
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or alveoli are separated by strong septa which contain elastic 


‘tissue on each side of which is a network of capillaries. No 


(ces tissue was found by Wislocki (1929) in the walis of either 


‘the air-sacs or the alveoli, although there were delicate inated 


‘of myo-elastic fibers in the walls of the air-sacs. 


In the whale, the air-sacs are enormous. 


I 
from Wislocki and Belanger (1940) follow: 


i 


} 
t{ 


Some examples 


Diameter of air-sacs of alveoli 
Blue Whale 4.71 mm. 0.40 mm. 
Pinback 2200 mm. 0.45 mm. 
White Whale ~90 mm. 0.55 mm. 


The walls of the air-sacs and inter-alveolar septa are 


excessively thick. 


Diameter of walls 


of air-sacs. 


Blue Whale 240 u 
Finback 60 u 
White Whale 50 u 


Porpoise (Tursiops) 75 u 


The larger septa that project into the portion of the air- 


sac adjacent to the bronchiole have thick bundles of muscle and 


elastic tissue forming myo-elastic bundles. 


direction circular to the long axis of the air-sacs. (Wislocki 


and Belanger, 1940). 


Diameter of walls 


between alveoli. 


60 u 
20 u 
20u 


20 u 
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Laurie (1933) describes a "heavy elastic bundle circum- 


seribing each infundibulum." Wislocki and Belanger say these | 


bundles are not purely elastic tissue, but are the myo-elastic 


“sphincters mentioned above in the larger septa. 
Myo-elastic bundles are present to some degree in all 
‘Cetacea, but myo-elastic sphincters are a special structure 
‘found only in the small species (Wislocki, 1929). 

| The elastic tissue predominates in the bundles, whereas 
“the muscle tissue predominates in the sphincters. Myo-elastic 
ames: are homologous to the delicate strands of muscle | 
|Seseribed in the alveolar ducts of many other mammals. (Wslocks 
‘and Belanger, 1940). 

The function of the myo-elastic sphincters in the porpoise 

“is to close off the air-sacs and respiratory bronchioles after | 
| seapeeRE TOR and imprison the air in them, thus preventing a 
gradual collapse caused by the increased pressure from the 


} 


‘outside while the animal is submerged. The air is thus kept in | 


‘contact with the respiratory surface. The sphincters also act 
| ais antagonists to the action of the elastic tissue. (Wislocki, 
(1929). 

In one porpoise, the small harbor porpoise (Phocaena 
cached no special myo-elastic closing of the air-sacs or 
“bronchioles is found. This porpoise is not able to remain 

|" submerged so long or to go to such great depths as the others. 
“The one known whale in which myo-elastic sphincters are found 


is the small white whale. (Wislocki and Belanger, 1940). 
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1 The myo-elastic bundles serve the same purpose as the 


| (Wislockt and Belanger, 1940). 


| The elastic tissue in the air-sacs helps the lungs to 


collapse quickly and completely when the whale expires, so that 
‘the only air left in the lungs is that in the "dead-space" or 
‘non-flexible portions of the lungs such as the air-tubes. The 


degree of collapse in a whale's lung is great due to the large 


‘quantity of elastic tissue in both the lung substance and the 


pleura. (Haynes and Laurie, 1937). 


Lack of epithelium 
1 In the whale, the interalveolar septa are bounded on both 
sides by an extensive capillary network on which no epithelial 
‘lining can be identified (Wislocki and Belanger, 1940). The 
‘blood is separated from the air-spaces by the thin capillary 
endothelium (Haynes and Laurie, 1937). "The lack of alveolar 
epithelium and exposure of the capillary network to the 
ee gases is believed to be unknown hitherto in lungs 
of land mammals which have been examined. In the latter 


epithelium is always present." (Haynes and Laurie, 1937). 
i Pleura 


| In the porpoise, the pleura varies from 0.5 to 1 mm. in 


thickness. It is composed of dense fibro-elastic tissue, well 


tf 


| sphincters. They close off the respiratory portion of the lung. 


\The elastic fibers help rapid expulsion of air during expiration. 
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vascularized. No smooth muscle is present. (Wislocki, 1929). 


In the whale, the thickness of the pleura differs in 


different species, but the average thickness is 5 mm. Elastic 


tissue is very abundant. (Haynes and Laurie, 1937). 
Diaphragm 


The diaphragm in whales is oblique in direction (Beddard, 


1900). It is connected ventrally to the abdominal muscles and 


passes dorsally in an oblique line to the posterior end of the 


vertebral column (Beale, 1839). The oblique diaphragm allows 


for a larger thoracic cavity in which the lungs extend further 


_ back as well as further forward than in quadrupeds (Wislocki, 


1927). This increased length of lungs takes the place of 


- lobulation which is lacking. 
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Porpoise (Tursiops truncatus) 


Aine 
Finback Whale Humpback Whale \ 
(Balaenoptera physalus) (Balaenoptera sibaldii) 


Sperm Whale 
(Physeter catodon) 


Southern Right Whale 
(Balaena australis) 


Fig.77.—Animals adapted to living in water but breathing air. 
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Bronchial tree 


The trachea has an average length of 4 to 4 3/4 inches in 
man, and 3 2/3 to 4 1/2 inches in woman (Dwight, 1919). The 
length is difficult to determine on account of the elasticity 
of the trachea as well as its variation. 

Where the trachea bifurcates,a ligamentous band is located 
which connects the two bronchi together and limits their 
divergence (Waters, 1860). 

| The right bronchus has three branches, one for each lobe 
of the lung. It first divides into two unequal branches, the 
‘smaller of which goes to the upper lobe. The other branch 
divides again, the new branch going to the middle lobe, and the 
asi et waar stem to the lower lobe. The left bronchus gives off 
a branch to the upper lobe and then passes into the’ lower lobe. 
The primary bronchi subdivide until finally they end at the 
latr-sacs. (Waters, 1860). 

| The method of branching in the bronchial tree is a com- 
idan ton of both monopody and dichotomy, according to most 


| } 


authors. Waters (1860) describes the main bronchus as dividing 


usually dichotomously into primary branches; these, by dicho- 


tomous or trichotomous division form secondary branches. 


} 
| 
| 


Tertiary and quarternary branches are formed by dichotomous 
| 
' division. 


His conclusion was that dichotomous division was the 
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| 
commonest type, although there was no great regularity. | 


Several more recent investigators seem to agree ona 


| ae of the two types. Ogawa (1920) states that the 
alveolar duct divides two to nine times to reach the der esineias | 
lena that in this branching both monopody and dichotomy are 
| found. Willson (1922) says, "The method of branching of the | 


‘bronchioles is dichotomous until the terminals are approached, 


and then the branching becomes irregular." Miller (1937) finds 


alternation of dichotomy and monopody. 
Anastomoses between the branches of the bronchial tree do 


not occur (Macklin, 1929). 


| | 
| 


Structure of the trachea and larger bronchial tubes 


The trachea has 16 to 19 rings of cartilage (Dwight, 1919);. 


16 to 20 (Miller, 1957); 16 to 21 (Waters, 1860). In the trachea 


and larger bronchial tubes, the cartilage is in the form of rings 
incomplete dorsally. The rings show marked irregularities such 
-as splitting, or fusing with adjoining rings. 

| The rings are connected to each other by a dense layer of 


‘connective tissue (Miller, 1937). The dorsal space between 


the ends of the cartilages is filled by a membrane made up 
mostly of the fibers of the trachealis muscle. These fibers 


“run transversely with only a few scattered longitudinally. During | 
| 


inspiration the muscle layer relaxes, thus increasing the lumen | 


| 
of the tubes. During expiration narrowing is caused by con- 


traction of the muscle fibers. The X-ray and bronchioscope | 
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show that these changes occur (Macklin, 1929). The muscular 
membrane is attached to the inner surface of the cartilages 


in man, but to the outer surface in some other animals. The 


{ 
| 


bundles are frequently branched and often link together carti- | 
| lages of different levels. | 
| Throughout the bronchial system there is intermingled with | 


| 
eee muscular layer, a loosely woven layer of elastic fibers 


| arranged circularly, forming a myo-elastic layer (Macklin, 1929), 
Situated between the muscular layer and the epithelium is 
c layer of closely interwoven elastic fibers which run length- 
‘wise along the air tubes from the larynx to the alveoli (Macklin, 


} 


1929). During inspiration, the elastic layer stretches, 


| increasing the length of the tubes. During expiration, the 


elastic layer relaxes, shortening the tubes. 


! 


| 
The epithelium consists of several layers made up of the 


| following kinds of cells: basal, just above the basement mem- 


brane; intermediate, extending from the basement membrane to 
the surface of the epithelium; ciliated columnar in the bronchi | 
ft 1} 
and ciliated cuboidal in the bronchioles, extending from the | 
| 


basement membrane through the entire thickness of the 


epithelial layers; goblet cells, also extending through the |! 
“entire thickness of the epithelium (Miller, 1957). | 
The epithelium is extensive enough to line the tracheal 


wall when it is in a stretched condition. “When the trachea is 


narrowed by contraction of the circular muscular layer the 


epithelium forms lengthwise ridges (Macklin, 1929). 
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| Instead, crescent shaped cartilage plates are arranged in broken | 


/in bronchi between .06 and .07 mm. in diameter on an average 


iments are found only at points where lateral branches are given 


(off by the bronchial tubes (Waters, 1860). 


|\the entire tube instead of just between the ends of the 


Structure of the finer bronchial tubes 


Eventually a point is reached in the smaller bronchial 


tubes where the cartilagenous rings are no longer present. 
circles with no membranous space dorsally. This makes all sides 
of the air tubes equally resistant to pressure (Waters, 1860). 


The point where cartilage begins to be lacking entirely is 


(Miller, 1937). Before cartilages disappear altogether, frag- 


When the point is reached where there is no dorsal space | 

| 

between the ends of the cartilagenous rings, the transverse 
| 


muscle fibers gradually extend in a netlike arrangement around 


cartilages (Macklin, 1929). 

In the smaller bronchioles, especially the terminal 
bronchioles, the muscle tissue is relatively better developed, 
but from there on it becomes less dense in the respiratory 
bronchioles and alveolar ducts. In the latter the strands are 
arranged in a mesh-like form. The spaces in the mesh are 
occupied by openings leading to other alveolar ducts, alveolar 
sacs, or alveoli. (Macklin, 1929). 


Elastic fibers are intermingled with the muscular layer, 
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a | 


which helps give an evenness to the dilation and recoil mechanism 


(Macklin, 1929). 


When bronchioles reach a size of about 1 mm.in diameter, the 
epithelium diminishes in thickness. The same kinds of cells foun 
in the trachea and bronchial tubes are present, but ciliated cell 
utnumber the others. Just before the appearance of alveoli, the 
pithelium changes still more. The ciliated cells change from 
Olumnar to cuboidal in shape. Goblet cells disappear. In res- 
iratory bronchioles the ciliated cells gradually disappear and 
are replaced by non-ciliated cuboidal epithelium which exists 
throughout the respiratory bronchioles. In the alveols#r ducts, 


the cuboidal cells become flattened into squamous epithelium. 1 
(Miller, 1937). 


Lung unit 


A unit of lung structure is the lobule which consists of a 
respiratory bronchiole and all the tissue branching from it (Figs, 
78 and 79). Each lobule is arranged so as to give a great | 
increase in respiratory surface. The terms applied to the 


Various structures are numerous and are here briefly explained 


fers they occur in the works of all authors, although there is 


some variation in the choice of terminology for a particular 
Lion seat Macklin (1929) makes the greatest number of sub- 
@ivisions defined briefly as follows: terminal bronchioles which 


indicate the last portion of the purely conducting airway; 


respiratory bronchioles referring to the first tubes bearing 
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alveoli on their walls; alveolar ducts leading from respiratory 


bronchioles and opening into the air-sacs or infundibula; 


alveoli which are the individual air-cells in the walls of an 
air-sac. Miller (1937) uses, in addition, the term atrium to 
designate an expansion between the end of the terminal bronchus 


and the air-sac. Ogawa (1920), Willson (1922), and Macklin 


(1929) object to the term atrium because they find no definite 
area to which this additional term applies. Macklin objects 
also to the term infundibulum because it suggests a funnel shape, 
which is not the typical shape of an air-sac. 

An alveolar duct divides two to nine times to reach the 
bir-sacs (Ogawa, 1920). The alveolar ducts bear on their walls 
mot only alveoli but sometimes, in addition, air-sacs of various 
sizes. Air-sacs as compared to alveoli are relatively more 
numerous toward the peripheral ends of the ducts, while isolated 


alveoli are more frequent near the proximal ends (Macklin, 1929). 


The alveoli on the walls of the bronchioles are larger and 


more easily seen in the lungs of some of the lower mammals, than 
in human beings. In man, they are sometines not present at all. 
They appear to diminish in number with advancing age. The more 
distended the lungs, the more the alveoli are obliterated. 
(Waters, 1860). 


} 
] Structure of an air-sac 
The air-sacs are arranged in groups, side by side (Fig.80), 


in nearly circular form, but due to pressure they become 
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‘flattened (Waters, 1860). Each air-sac is divided by septa into 


alveoll. The number of alveoli in one air-sac is from 5 to 20, 
with 11 the average (Ogawa, 1920). Waters (1860) quotes : 
nese Lene as giving the number 10 to 20. Alveoli have an average 
diameter of 1/100 of an inch (Howells,1901). The estimated 
“number of alveoli is 725,000,000 (Howells,1901). 

There is no commnication between the air-sacs of adjoining 
lobules (Waters,1360; Miller,1895). As a proof, Miller states _ 
that a fluid cannot be injected from one bronchiole into ieeiior| 
i there is no communication between adjacent air-sacs, or through | 
| ene walls of adjacent alveoli (Willson, 1922). So-called 
| "alveolar pores" are not to be confused with comminication 
“between the alveoli (Miller,1937). They are openings in the 
alveolar wall but are the results of some disease process where | 
“the epithelium is shed on both sides of the alveolar septum. 

The walls of the air-sacs and alveoli have essentially the 


i 
same structure except that the alveolar walls are more delicate, 


Alveolar walls are mede up of a single network of capillaries 


! 


supported by yellow elastic fibers and a reticulum which forms 


| 
| 
1 
| a basement membrane covering the elastic layer supporting the 


epithelial layer. 
| The epithelium is composed of two kinds of cells,large flat 


| plate-like cells which cover the capillaries, and between them 


| 
|! | 
_gmall nucleated polygonal cells, singly or in groups in the | 


| 
1] 


intercapillary spaces (Dwight, 1919). 
Miller (1937) says "... in normal lung, the epithelium | 
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‘ 

{ 

i] 
| 


lining the alveolar walls is made up of thin flattened nucleated 
squames, which are closely applied to the alveolar wall. It is 
continuous epithelium." 


Waters (1860) states "... that the cells of the epithelial | 


layer form a distinct and complete coating to the walls of the 


air-sacs and alveoli and they rest immediately upon the basement. 


membrane." Waters estimates the size of epithelial cells from 


' 1/3000 to 1/5000 of an inch. 


| fibers are arranged singly or in bundles, extending in different 
| directions in the walls, allowing distention in all directions 


| (Miller,1937). They also give strength and support to the walls 


| fibers to form the myo-elastic sphincters around the mouths of 
muscle and elastic tissue is reinforced by white collagenous 
larger septa that separates the air-sacs from each other, it is. 


| rare in the smaller septa. "The prevalent opinion now is that 


the wall of the alveolus proper contains no muscle" (Macklin, 


wall of the air-sacs and the septa between the alveoli. The 


and restore the shape of the air-sacs and alveoli in exhalation 


The yellow elastic tissue forms the greater part of the 


| 
| 


|| 


| 


(Waters, 1860). 


Some of the elastic fibers are intermingled with muscle 


the air-sacs. In the sphincters, the muscle predominates. The | 


fibers. Although muscle tissue is found in the edges of the 


1929), (Also, Miller, 1937). 


The capillary network is supported by the elastic fibers 


which do not form a complete layer over the capillaries and 
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|\therefore do not interfere with the oxygenation of the blood. 
‘They form a single dense network exposed to the air of two adja- 
cent alveoli. The capillaries are so close together that the 
space between them is generally smaller than the dismeter of 


(the capillaries themselves. 


| Diaphragm 


| The diaphragm is a dome-shaped transverse muscular septum 
|\that completely separates the thoracic from the peritoneal 
‘cavity. The central tendon is the highest part of the dome and 


‘all the muscle fibers are inserted in it. 


The diaphragm is attached to the first three or four lumbar 
vertebrae, to the costal cartilages and ends of the lowest six 
‘or seven ribs, and to the posterior part of the ensiform appen- 


dix (Howells, 1901). 


Mechanics of respiration 


Before air-can enter the lungs in inspiration the thoracic 
cavity must be enlarged. The radiating muscles of the diaphragm 
contract, causing the diaphgram to flatten. This increases the 
ltength of the chest cavity. Pressure is reduced and air from 


‘the outside goes into the lungs. The thorax is enlarged also 


transversely and from front to back. This is brought about 


mainly by the action of the intercostal muscles. The ribs are 
hinged at an oblique angle to the vertebral column, and this 
‘angle changes according to whether the intercostal muscles are 


contracted or relaxed. When contracted the mscles act on the 
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ribs, the angle is straightened somewhat, and the sternum is 
moved forward. The ribs are moved outward and upward. 
During expiration, the diaphragm relaxes and moves upward, 


jJand the intercostal muscles relax so the sternum and ribs move 


downward and inward. During forced expiration the abdominal 


ina force the abdominal viscera against the diaphragm. 
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Fig. 78.—Schematic longitudinal section of a primary lobule 
of the human lung, showing the relation of the blood vessels to 
the air-spaces. BR, respiratory bronchiole; D AL, alveolar 
duct; A,A,A, atria; S AL, air-sacs; ART, pulmonary artery with 
its branches to the atria and air-sacs; V, pulmonary vein with 
branches from the pleura (1), from the alveolar duct (2), and 
from the forking of the respiratory bronchiole (3). 

(From Miller.) 


Fig. 79.—-Scheme of mammalian Fig.380.—Terminal bronchial tube 
lung structure. B,bronchus; and air-sacs in human lung. A, 
I,Infundibulum,lined with al- terminal bronchial tube; B,di- 


veoli;AD,alveolar duct; 


lated extremity of terminal 
FL,bronchiole. (From Walter.) 


bronchial tube;C,C,individual 
air-sacs. (From Waters.) 
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Mammal Terminal bronchus in mammal 


Pig. 81.__Comparison of vertebrate lungs. B,bronchus; S,air-sac | 
A,atrium; BB, air-bag (in birds); TB,terminal bronchus;V,vesti- 
| bule; P, air-sac passage; A,artery; V,vein. (From Miller.) 


Pisces 


The first evidence of true lungs appears in the Dipnoi, 
in the so-called air-bladder. These fishes normally use gills 
for breathing in water. They use their lungs when the water 
is searce or impure. 

The lungs are developed in proportion to their use. Since 
Ceratodus lives in water even in summer, it has well developed 
branchial system, but a single lung divided into air-sacs. 
Protopterus which buries itself in the md in times of drought 
cannot use its gills and needs better developed lungs. They 
consist of paired sacs, with the anterior ends spongy and no 
atrium present. The posterior parts are just lined with air- 
/sacs, leaving an atrium in the center. Lepidosiren has the 


‘most degenerate branchial system and the best developed lungs. 


They are similar to those of Protopterus but the unpaired part 


is more spongy and more vascular. 


Amphibia 


All adult Amphibia possess lungs except a few salamanders. 
The Perennibranchiates, permanent water dwelling, bear 
jgills all their lives. They have simple poorly vascularized 


lungs with thin walls andygno alveoli. 
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Most Urodeles have paired lungs with smooth walls or just 


an indication of septa made by intersecting lines of cilia. 


| Among the Anura, the frog lungs show the highest degree of 


| 
idevelopment., They are divided by septa into chambers that open 


into the atrium. The septa are highly vascular, having a double 


network of capillaries, each exposed to the air of one alveolus. 


‘This has the effect of doubling the respiratory surface. In 
ete the chambers are shut off from the atrium by additional 
septa along their margins. The air-chambers are moré complexly 
lasvidea to meet the requirements of the more terrestrial life. 
To supplement the relatively simple lung condition all 


Lok tead practice cutaneous respiration. The capillaries are 


‘very abundant in the skin, and carbon dioxide is transferred to 


the surrounding water. The oxygen is taken in mainly through 
‘the lungs. 

In addition, bucco-pharyngeal respiration takes place in 
most Amphibians, either in the air or water. To facilitate this 


‘the linings of the mouth and throat are very vascular. 


There is one example of a tracheal lung in Typhlonectes 


where there is a respiratory surface along the passageway betwee 


the lung and pharynx. 


Lungs have a hydrostatic function in some salamanders. 
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Reptilia 


In addition to more highly developed lungs, Reptilia have 
| several respiratory aids such as a nasal passage, a well 

| developed pharynx, larynx, and trachea. It is the first group 
| to show a real distinction between the conducting and respirato , 


| tissue. The bronchi divide to varying degrees and in some 


cases approach the mammalian bronchial tree. 
| The bronchus in Heloderma suspectum extends to the posterio 
jair-sac. Along its sides it is perforated by the openings of 
the air-sacs. In Varanus, the crocodiles, and the turtles the 


/main bronchus has secondary and further subdivisions which lead 


to the air-sacs. In snakes the bronchus is a semi-cylinder. 


The typical lizard lung is characterized by its simple 


_sac-like structure, large atrium, and the honeycombed appearance 


of the walls of the sac. The atrium of the lung becomes smaller 


as the lung tissue increases. For example, in Sphenodon the 
nite is a simple sac and the atrium large; in Heloderma 
_suspectum the lung tissue has increased leaving the atrium 
reduced to a narrow tube; in Varanus, the lung is spongy 
throughout with no atrium present. Varanus, in these respects, 


has the same characteristics as the crocodiles and the turtles, 


The latter has a well developed lung except for the last chamber 


which exhibits all degrees of complexity. 


| 
| 
| 


In a few lizards, finger-like projections extend from the 


| 7angs into the viscera. These are more protective than 
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respiratory in function as they allow the animal to puff itself 
UPe 

The snakes show more variation in their lungs. The 
anterior third or less is well filled with finely subdivided 
air-sacs. The posterior two-thirds is simple with air-cells 
not grouped into air-sacs. The left lung (as in some lizards) 


is rudimentary and may or may not be functional. Sometimes it 


is absent altogether. In a few snakes the two lungs are equally 
well developed, but the left is generally shorter. In pelagic 
serpents, the entire lung is spongy although less so in the 


‘posterior part. The whole respiratory surface is lined with 


cilia. This better developed lung in pelagic serpents is an 
aid to respiration and floating. 

The tracheal lung is a structure found in representatives 
of most orders of snakes. It varies in structure, location, 
and connection with the lung. It may be an aid to respiration 
or buoyancy, but in other cases has lost its utility. 

The capillary network in the septa of the alveoli is double 
as in Amphibia. 

Although there is no diaphragm in Reptilia, the lungs in 
Chelonia and Crocodilia do not project freely into the body 


cavity but are checked by folds of the peritoneum. 
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Birds 


The lungs are small in comparison to the size of the bird. 
‘They are very porous and spongy, light in weight, and fragile. 
They are very vascular and the blood is freely exposed to the 
air. The question of the presence or absence of epithelium 


lining in the alveoli is unsettled, with some authorities be- 


lieving that although it hasn't yet been demonstrated it mst 


‘be therée 

Each bronchus continues through the lung and is called 
the mesobronchus.e. This divides into secondary and tertiary 
subdivisions, the latter giving off parabronchi which correspond 
to bronchioles in mammals. 

Some bronchial tubes end in sac-like structures called 
air-sacs. They are permanently distended with air to some 
extent. Their walls are thin and non-vascular. Due to the 
latter fact they are not respiratory in function, but are aids 
in inspiration and expiration. When the bird exhales, relativel 
fresh sir from the air-sacs return to the lungs by way of the 
recurrent bronchi. In inspiration, the supply of air is renewed 
in the air-sacs as well as in the lungs. 

From the air-sacs, long narrow extensions pass into the 
‘bones and other tissues, making them pneumatic. This condition 
has to do with weight, flight, etc. rather than with respiration. 


Birds are a link between reptiles and mammals. They have 
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a well developed bronchial tree, the beginning of which was 
evident in higher Reptilia and its ultimate development reached 
in Mammalia. Up to the time of a complex bronchial tree, the 
lung surface increased by continuous subdivision of the walls 
of the air-sacs into fine units. Beginning with an intricate | 
bronchial tree, the surface is increased by more numerous and 


finer ramifications of the bronchial tree. 
Mamma lia 


The characteristics of the lungs of all mammals are more 
or less the same, namely, a much divided bronchial tree, and 
lung tissue that fills the whole lung cavity leaving no atrium. 


‘The only marked difference in structure in the group appear | 


in mammals that have adapted themselves to life in the water in 
contrast to the majority who live on land. The former have a | 
more highly developed cartilagenous tissue, with rings complete 
dorsally, thus withstanding pressure equally on all sides. The 
air-sacs in aquatic forms are much larger: for example, in the 

manatee the largest measure about 6 mm. long by 1 to 2 mm. wide; 


(in whales they vary from 4.71 mm. to .90 mm.; whereas in man 
| 


from 5/100 to 20/100 of an inch. In water forms, the septa 


between the alveoli are very thick and contain a double network 
of capillaries, but in man the septa are thin and have a single 
network of capillaries. Epithelium definitely lines the alveoli 


in man, is probably present in the manatee, and seems to be 
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rior ribs are used in respiration except in pelagic serpents 


/swallowed in inspiration and expired mainly by the contraction 


breathing by the work of rib mscles, but during flight these | 


“muscles are rigid. 


‘musecles in increasing the width of the chest cavity. 


lacking in Cetacea. The pleura is much thicker in aquatic 


than in terrestrial mammals. 


Diaphragm 


The diaphragm plays a definite part in the mechanics of 


respiration only in Mammalia. In Chelonia, Crocodilia, and 


Aves there are certain septa sometimes referred to as diaphragms, 


Although these may be forerunners of true diaphragms they take 


no part in respiratory movements. 
Ribs as an aid to breathing 


The mechanics of breathing are aided by the work of the 


ribs and muscles. In Amphibia where ribs are absent air is 


of the body muscles. Ribs appear in Reptilia and are an aid to 


respiratory movements in all divisions of that group except 
turtles where they form a rigid box. In snakes, ribs are 


attached to the entire length of the backbone. Only the ante- | 


who use the entire set. Aves, when not in flight, are aided in 


Mammalia use the ribs and intercostal 
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